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PROGRAMS FOR
ATOMIC-STRUCTURE CALCULATIONS

by

C. Froese Fischer and M. Wilson

ABSTRACT

Computer programs used for atomic-structure cal-
culations are described and listed. Sample data for each
are also presented.

I. INTRODUCTION

Insight into some of the problems associated with the electron-
electron interactions within and between the electron configurations of
complex atoms may be obtained by studying the results obtained from some
approximate atomic model. Such a model is furnished by the nonrelativistic
Hartree-Fock (HF) approximation.

The various one- and two-electron interaction integrals of the tradi-
tional Slater theotyl may be estimated provided one has reasonably accurate
knowledge of the radial wavefunctions (and hence radial charge distribution).
The HF radial wavefunctions used here are those developed within the
framework of the central field approximation and are obtained by procedures
based on the variation principle and restricted by the usual conditions of
integrability and smoothness. The various electrostatic and magnetic in-
teraction and transition integrals may then be computed for any specified
configuration (or set of configurations) for any chosen atom or ion. In
many cases, comparison is possible with corresponding quantities that
have been derived empirically as parameters. In the HF approximation
without configuration mixing, the computed quantities correspond to those
for a pure configuration, with relativistic and correlation effects omitted,
while the empirical quantities have absorbed other effects (such as cumu-
lative effects of weak configuration interaction) which may serve to distort
the apparent values of the quantities in question.

Certain quantities are sometimes difficult, if not impossible, to
obtain by empirical means. Examples of these are configuration interaction
R" integrals, transition integrals, and the kinetic energy (KE) and one-
electron integrals (Ing). These can be estimated by using HF radial

functions.



For the study of line intensities, knowledge of the signs, as well as
relative magnitudes, of the multipole integrals is of great help in performing
detailed analyses. For transition arrays involving mixed configurations,
the signs of the R™ integrals are also required. These signs can be obtained
by using HF radial functions.

By performing HF calculations for chosen configurations along iso-
electronic sequences or for a series of elements of fixed ionization stage,
we can investigate regularities (or lack thereof) in detail. Comparison of
the HF results for several configurations of a particular ion can reveal, in
addition to knowledge of the relative importance of interactions, details of
the screening effects caused by electron rearrangement on such quantities
as the one-electron integrals and values of the electron density at the
nucleus (|%(0)|?). Knowledge of the latter are important for the interpreta-
tion of isotope and isomer shifts.

This report presents descriptions and source-deck listings of the
computer programs (for the ANL CDC-3600) that have been used for such
a series of atomic-structure calculations as outlined above.

II. NUMERICAL HARTREE-FOCK (HF) PROGRAM

Since the basic version of this program has been described in detail
elsewhere,? we will only give here a few remarks concerning salient fea-
tures, operational procedures, and notes of changes incorporated. Refer-
ences 1 and 2 are used as a general reference for definitions and notations.

Briefly, the program is a general one which solves the HF equations
by an iterative method for a superposition of (up to six) configurations.
Solutions may be obtained for average of configuration or for specific
terms of a configuration for any open-shell atom or ion. The current
program will handle ions of up to 20 orbitals containing s, p, d, and f
electrons.

A. Frozen-core Modification

The program has been modified to enable a specified set of outer
orbitals to be made self-consistent while the remaining inner orbitals are
kept fixed. As input, such frozen-core calculations always require values
of the wavefunctions I_Di and one-electron integrals Ij, obtained from a
previous run, for the orbitals to be kept frozen. We have used two alter-
native modes of operation:

1. Sequential cases--useful for atoms witlla small number of
orbitals because of run-time considerations. The P;'s and I;'s that form
the data for the frozen core are constructed first and are left in the memory

as input for following runs.



2, Separate time cases--most useful for heavy-atom calculations.
The frozen-core P;'s and I;'s are input as cards which are the output from
a previous "core-producing" run.

Input data card 1 now reads:

ATOM, TERM, NWF, NCFG, NF, NG, NR, Z, RHO, H, NO, IORTHO,
ITEST, NITT in format (2A6, 513, 3F6.0, 16, 313).

NITT is the number of wavefunctions to be made self-consistent and
must correspond with NITT of card type 8. A nonzero value of NITT causes
the I_Di's and L's either to be taken from the results of a previous run still
in the memory, or to be read as card input according to whether the values
of IND(I) for the frozen orbitals are +1 or -1. If all wavefunctions NWF are
to be made self-consistent, NITT can be equal to zero or NWF.

The subroutine PNCH has been modified to punch the I values in one
to one, to correspond with those P;'s specified to be punched.

After the listing of the HF program (in C below) are two examples
of single-configuration input data using the two modes of operation for a
frozen-core calculation.

B. Other Changes

ITEST has been added to card 1 in order to handle single orbital
cases whose eigenvalues are less than 0.9. If ITEST = 1, then the call
to SOLVES in SOLVE is bypassed. This is;necessary for such cases,
since SOLVES fails for a homogeneous equation; for example, 1s? of H™
and sz of Hel would both require ITEST set equal to 1.

Values of the one-electron integrals (I;) and kinetic energies (KE)
are now computed and listed by the subroutine ENERGY. Values of the
Slater FK and GK integrals are listed in cm ' instead of atomic units.
Additional decimal places have been added to the listed total energy and
eigenvalues.

To the DATA statements of the subroutine SPIN have been added
the coefficients of the VK and NK integrals for f-f and d-f type magnetic
interactions. These coefficients were omitted from Table I of Blume and
Watson® (also from Ref. 2), but are readily calculated by means of Eq. 18
of Ref. 3.

It was also thought desirable to list in detail the various contribu-
txons to the values of the spin-orbit integrals. In addition to the values of
M (ab) Nk(ab) and Vk(ab) being given, we also list the corresponding
values of M®(ba), NX(ba), and VK(ba). The values of this first integral



(with exchanged orbitals) cannot be obtained by symmetry properties. Thus
the given values allow us to relate the two different MK integrals defined by

MK(ab) = 3[MK(ab) + M¥(ba)],

where the MK on the left of the equal sign is that defined by Marvin,* and
the ones on the right are those defined by Blume and Watson® and calculated
here.

To keep track of computing times such as for multiple run cases, we
have added a time check feature to several of the strategic subroutines.

Values of g, €, and AZ obtained, often with little difficulty, using
the Herman and Skillman program are usually sufficient to form good
initial estimates for input data. To obtain g, we must obtain values of
<r>. These may be computed from the Herman and Skillman output® by
using a routine such as HFSRPOL described in Section IV.B of this report.

C. Listing of HF Program

A page guide to the subroutines of the HF program precedes the
listing of the actual program.

Page Page
AR S Ity o> i ) NMBYS.. Fiis R 25
TR DR xS P e R 10 DEACE ;& 300 F Z 26
BRRB - h e  Se 12 BIC . . e s 28
WANEEN .. oo v e 135 G & o o A R 28
WL . g e A 14 OTADE ., 2ottt s S 28
HINEIRE <., N ae s s s 15 BIK oo s v R 29
OETABR., & ooy s s o ais 15 PRNT . ichie et [0 < 3 29
g4 L . SN IR PSR i 16 BN R e 30
1 A GRS e g 7 16 R AT IS e 31
= 17 SPIN . & eelers . o o o 32
GRANGE. . . - 5 -0 » 5.5 « s 18 SM e T & = v v oy il 34
R R e e s 19 SN ., SRRl v s st 34
SOLYE , « <o s v sances o 19 Vo sppaleliles, | | el 34
SOENES. . | s .. cn o cois s b 21 NI N o 35
1231 S (S S 22 ORFHIIESEEGE. . . . . 36
s 4/ N e ST i ce. 23 PN s . . . el 36
B, . e s ¥ TS are o 23 A e s e « s s o car 37
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PROGRAM MAIN

HARTREE-FOCK SCF ATOMIC STRUCTURE CALCULATION
WRITTEN BY DR CHARLOTTE FROESE.

MODIFICATIONS (CDC=-3600)

N DATA ADDITIONS

NL) AND KINETIC EMERGY
MODIFIED TO CALCULATE WITH FROZEN CORE

INTEGER ASTEDR
LLOGICAL FAILRSCAN

COMMON ATOMs TERMsNWF ¢ Z+RHOsH«NO+D(100)+ACC(20)+DD(BO)E(20420)

ARGONNE NATL LAB

VALUES

JUNE

1967

DUMMY (13472) /TEST/FAILWRSCAN(20)/SCRAP/DDD(20C)

EQUIVALENCE (IRHOWRHO)
COMMCON /CORF/ IB+EC(20)
DATA (ASTER = 1H#*)

YTIME = TIMELEFT(TDUMMY)
PRINT 9998+ YTIME

FORMAT(1HO+* INITIAL TIME * E20.8/)

FAIL = oFALSE.
ET = O

DO 4 1=1+20
DO 4 JU = 1420

IF (1 eNEs J) E(leJ) = Oe

CONTINUE

CALL DATA(NP)

READ 2+NSWeNINCWNITsID
FORMAT (413)

IF (IBeGTe NWF) GO TO 77

NITT = NWF +1 = IB
NIT = NITT
CONTINUE

PRINT 22«NINCNIT+RHOsHINO
FORMAT (//9X +23HCOMPUTATIONAL PROCEDURE //9X
BHTHE LAST 13+22H GROURPS ARE

IB = NWF - NIT + 1

IRHO = NP

PRINT 14+ATOMsTERM
FORMAT (1H1+20X2A6)

IF (NSW «EQe 0) GO TO S
IL = NWF = NINC
ERLLLSCFUIBalL)
IERMFATLY GD TO B

IL = NwF

DG 7 =144

CHLL SCFtIBsIL)

IF (FAIL) GO TO 8

CALL DIAG(ET.DELTAE.ID)
IF (ABS(DELTAEZ/ET) oL Te

1:E=6)

INCOMPLETE/9X o
13:29H WILL BE MADE SELF-CONSISTENT

F12e¢7/20X +SHNO

GO TO 8

"

14)
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9999
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71

CALL ARRAY

PRINT ©

FORMAT (1H1+ 10X+ 40HCONF IGURATION INTERACTION NOT CONVERGING )
YTIME = TIMELEFT(TDUMMY)

PRINT ©90Q, YTIMF

FORMAT(1HO+* FROM MAIN % E2048/7)
GO TO 6

CALL PONT

CALL ENERGY

CALL RADIUS

CALL ORTHO

CALL PNCH

READ 10+NEXT+ATOMsZZs (ACC(I)e I=1eNWF)
FORMAT(1Xs12¢A6+F6e0420F301)

IF (NEXT «EGs 0) GO TO 11

EALL SCALE(ZZ)

GO TO 13

READ 12 +NEXT

FORMAT (A1)

IF (NEXT «EQe ASTER) GO TO 1

GO TO' 6

END

SUBROUTINE DATA(NP)

LOGICAL FAILWRSCAN

COMMON ATOM, TERMsNWF ¢ ZyRHOWHINOWEL(20) sN(20) 4L (20)¢S(20)+AZ(20)
1 ACC(20) +D(60)+IND(20)4E(20420)¢DD(10000)EDsAZD+DDD(3200) +NF 4
o NGsCFG(10)sKFG(10)4IFG(10)eNCI(10)eJFG(10)eNCJI(10)sNRsCR(10)
3 KR(10)+I1R(10)+I2R(10)sNCRI(10)+JIR(10)¢J2R(10)+NCRJI(10)+NCFG

4WT(6)¢eQC(20¢6)/TEST/FAILIRSCAN(20)/SCRAP/CONFIG(2) «NFGel1e124J10J2

COMMON/TSOLVE/ITEST

COMMON /CORE/ IBJEC(20)

DIMENSION EK(20)

EQUIVALENCE (EK(1)+INDC1) )

READ 1 +ATOMsTERMINWF ¢ NCFGeNF ¢« NGINR4Z+RHOsH¢NO+ IORTHO+ ITEST«NITT
FORMAT(2A6¢51343F6404164313)

IB = NWF = NITT+ 1

BB = I8 = 1

CONTINUE

IF (EDF»60) 70+¢71

CALL EXIT

PRINT 2+ ATOMs TERMy Z

FORMAT (1H1///9X+33HHARTREE-FOCK WAVE FUNCTIONS FOR 2A645X s
1 3H(Z= +F4e041Xs1H) //27Xe13HCONFIGURATION, 15Xe6HWEIGHT//)
DO 3 I=1sNCFG

READ 4 4CONFIGsWT (1)

FORMAT (2A6+F1048)

PRINT Se1+CONFIGaWT(1) .

FORPMAT (24X 4 1246X+s28064F1948)

PRINT A&

FORMAT (//9X s 4HDATA 414X ¢ 1 3HWAVE FUNCTIONs4Xes 17HINITIAL ESTIMATES,
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14
17

19
21

20

1 1 7X36HNUMBER OF ELECTRONS IN CONFIGURATION/2BX ¢ 2H ¢ AXSHS
2 6X ¢« SHE (NL) « SX6HAZ (NL ) ¢4X ¢ 3HACC 44X ¢ 3HOPT 4 6X
3 26H1 2 < 4 5 6 /7)

NP = NWF + IORTHO

DO 9 I=1.NP

READ 7+EL(I)eNCI) oL (I)sS(I)sEDIAZDsACCIIIIND(I)

1 (AC(14J)eJ=14NCFG)
FORMAT(A34213¢F6e2¢2F9e64F34141346F340)

PRINT B¢l sEL(I)sS(I1)eEDsAZDsACCII)IoIND(I)e(QC(IeJ)s J=1sNCFG)
FORMAT (24X s [12¢1XeA34F9e24F1104¢F11e34F6e1116¢8X46F540)

IF (IND(1) +EQs 1) GO TO 9

o
.

EllylY = ED
AZ(t) = AZD
RSCAN = oTRUE,
PRINT 10

FORMAT (//9X +9HENERGY = 9Xs 12HE(AVERAGE) + //)

NFG = NF + NG

IF (NFG «EQe O0) GO TO 13

DO 20 1=1«NFG

READ 11+CFG(I)eXaKFG(I)eIFGII)IaNCI(I) e JFG(I)eNCIL])
FORMAT(F12eBeAl4l141Xe21201Xe212)

I1 = IFG(I)

12 = JUFG(1)

PRINT 12¢CFG(I)eNCIC(I)eNCI(I)eXsKFGIIIWEL(T1)EL(I2)

FORMAT (26X sF14eBe¢3H®C (11 e4HIRC(I1e2H) Alsl101H(A34s1HsA3s1H))
IF (NR «EQe 0) GO TO 17

DO 14 I=14sNR

READ 15+CRIIVWKR(IIN & TIR(IN«I2R(I)«NCRI(IIWJIR(I) ¢ J2RIT)IWNCRII(])
FORMAT(F12eBe1Xel141Xe312¢1Xe312)

) | IIR(I)

12 = [2R(1)
J1 = JIR(ID) .
J2 = J2RI(1)

PRINT 16+CR(I)eNCRI(I)«NCRI(IDIWKRITIIWELITI)EL(I2)4EL(J1)WEL(I2)
FORMAT (26X eF14e8¢3H#C(I11¢4H)®#C(1143H) RelI141H(2A341He2A341H))

RECAN(I1) = «FALSE.
RSCAN(I2) = oFALSEe
RSCAN(J1) = «FALSE.
RSCAN(J2) = +FALSE.

CALL ARRAY

CALL WAVEFN(NP)

IF (NITT «EQe O ) RETURN

IF (IND(1) «EQel ¢ANDeIBeNEe 1 ) GO TO 19
IF ( 1B «EQe 1) RETURN

READ 18+ (EK(I1)e I=141B8B)

FORMAT (5F16.8)

RETURN

DO 21 1 = 1. 1BB
EX{l) = EC(])
RETURN

END
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SUBROUT INE ARRAY

COMMON ATOMsTERMINWF ¢ Z9¢ NPIHINOIEL(20) sN(20)sL(20)4D(100) s SUMI20) 4
1 ND(10422)4A(2042044)4B(2002004) s NFANGICFG(10) 4<FG(10)+IFG(10)4
2 NCI(10)sJFG(10)+MCI(10)eNRCR(10)¢KR(10)s11P(10)4122(10) 0

e | NCRI(10)+sJIR(10)¢J2R(10)4NCRI(10)+NCFGIWT(6)sQC(2045) /COEFF/

4 CA(343)4CB(44444)/SCRAP/CoCCosCONsLIsLIINIINIsIT 41 JsNLeKLINFP

DATA (((CA(I14J) =143)e J=143) = e080¢e03174603174402051282054
1 O0e0eeC317460317+001298601442(000)9e0179307871)s ((((CB(leJesK)s
2 13144)s J=144)y K=144) = 6541666666667 0014e071428571442( 01666666

3667) 400666666667 4004285714291 011e06666066671011e042B857142%94e071428
4571442(040428571429) 4 eC714285714+35(0e0) 4 e 0666666667 410042857142G,
Se0317460317+0604004285714294e02857142816019047€.1940604¢0317460317,
62(eN19047619)410(060) ¢e02857142B8+40216450216+2(000)4e02164502164
70129870179 15(0e0)ee0166500167)

DO 1 I=1.NWF

SUMCTY =04

DO 1 J=1eNWF

DO 1 K=144

BOInUsKY = Oa

B3 «dalcY = O

DO 2 K =14+NCFG

C = WT(K)**2

DO 3 I=1sNWF

TE QT Ly Y :sEQe ;O ). GO0 4

Ll L T Yl 1

DO 4 J=1NWF

IE-(QC(JsK) wEQe Os) GO TO 4

ko =-L{J)+1

IE NI wwNE ) GO TS

CC = C*¥QC(14K)*(QC(14K) = 1,)

AlCTelsl) = A(lslsl) + CC

IF tL1 SEQs 1) GO TO &

DO 8 KL= 2e0L1

A(TeTsKL) = A(l¢lsKL) - CCH¥CA(LI=-1esKL=1)
GO. TO 4

CC = CRQC( 1 ¢K)®AC( I )

AlTeJdel) = A(leJdsl) + CC

DO 9 KL =144

BlleJsKL) = B(lsJeKL) = CCH¥CB(LILJWKL)
CONTINUE

SUM(TI) = SUM(I) + C*QC (1K)

CONTINUE

IF (NF «EQe 0) GO TO 10

DO 11 I=14NF

K = KFG(I1)/2 + 1

NI =SNG (1)

N = NEJT.)

CON = CFG(I)*WT(NI)*WT (NJ)

I = IEGLL)

1J = JUSG(1)

AUTENTJak). = ACIIolJdek) + CON
ACTJeT14K) = ACIJe1T4K) + CON |

IEtNG -wEQe 0) B0-TO (2



NL = NF + NG

NFP = NF 4+ 1

DO 13 I= NFP.NL

31 8 JFG(1)

i = JIFGL1)

Nl = NCI(1)

NJ = NCJU(1)

LI L(T1%

L= L{1J)

KL = (KFG(1) = 1ABS(LI = LU))Z72 + 1

CON = CFG(I)*WT(NI)®*WT(NJ)
BOITelJUeKL) = B(IlselJekKL) + CON
B(IJelleKL) = B(lJUelleKL) 4+ CON
DO 14 I=14NWF

DO 14 JU=1+NWF

DO 14 k=144

AlToeJeK) = A(leJdeK)/SUMC(I])
BllsJdeK) = BlleJeK)/SUM(T)
RETURN

END

SUBROUTINE WAVEFN(NP)

COMMON ATOMsTERMINWF ¢ Z+RHO«HsNOSEL (20) sN(20)+L(20)¢S(20)4AZ(20) 4
1 D(B80)+IND(20)+E(20¢20)4R(200)sRR(200)4R2(200)+P(20+¢200) ¢
2 Y(20+4200)¢YK(200) s YR(200) ¢ X(200) +ATM(20) «TRM(20)4ZZ(20)

DIMENSION MAX(20)

EQUIVALENCE (MAX(1)sD(21))

DO 1 I=1sNO

R(1) = EXP (RHO)Y/Z

PR(I) = R(I1)*R(])

R2(1) = SQRT (R(I1)) .
RPHO = RHNO + H

RHO = RHO = FLOAT(NO)#*H
DO 9 I = 1«NP
MAX(I) = NO

PN = HNORM(N(I)eL(I)eZ=S(1))
IF (IND(I)) 74849

READ 104ATM(I) e TRM(I) «MeZZ(I) e (P(leJ)eJd=1sM)

FORMAT (6X s A6 +6XeABs11Xs164F640/7(T7F1167))

en w-ErEZL 1)

DO 11 J=leM

P(led)= R(14J)*Z2

IF (M +EQe NO) GO TO 24
MAX (1) = M
M =M 4]

DO 13 J=M«NO

P(leJ) = 0o
IF (1 = NWF) 24.24.9

DO 3 J=1.NO

P(lsJ) = PN®¥HWF(N(I) oL(I)eZ=S(I)sR(JI)I/R2(J)
IF (AZ(1) «GTe Oe) GO TO 4
FN = N(1)



AZ (1) =2PN¥(2e*(Z=s6%S( 1)) /FNI¥®CL{ 17" Sl
CALTE YRKE (1w 120}
RO 2 1J="1+NO

e EaYililve JJi) s 2k [ J)
9 CONTINUE
PRINT 14

14 FORMAT(1H1+8X18HINITIAL ESTIMATES
1 /10X2HNL s 4XSHSIGMA ¢ 6XSHE (NL ) ¢4 X6HAZ (NL) ¢ 4X 1 3HWAVE FUNCTION //)

BRLS alhdE 1 1 ¢ NWF
I SCETIE) “aRE» <04 60 F TR 22
FN = N(I1)

E(Iel) =((Z=S(I))/FNI%%2 + 24%#S(1)*%QUADR(Is1e=1) =EKIN(IsI)
ez IF (IND(I)) 16417418
17 PRINT 194EL(I)aS(I)eE(TIsI)sAZ(])
19 FORMAT(9X+A3¢F9e24sF11e¢3¢F10e344Xs19HSCREENED HYDROGENIC)
GOYTOT1S
16 PRINT 204+EL(I)eS(I)sEC(TIsI)sAZ(1)sATM(I) s TRM(I)
20 FORMAT(9X+A34F9e2+F11e34F10e394Xs B8HSCALED A6 4A6)
GO TO 1S
18 PRINT 214EL(I)eS(I)sE(I+1)sAZ(1)+sATOMITERM
21 FORMAT(9X4A34F9e24F11e34F10e344Xs11HSAME AS FOR A64A6)
15- CONTINUE
RETURN
END

FUNCTION HWF (NsLeZsR)

FN = N

M = N+L

K = N=L-1
Kl=K
Ml=M

P a1

an= 1%

B = K1

C = M1

X = =2+%Z*R/FN

TR “Tv2wd
FRRO AN = 1K

P = 1ls + A/B¥P/CEX
A = A+l
B = B=1s
4 G Gl
2 HWF = PX¥EXP (X/2e¢)%#(=X)¥*%(L+1)
RETURN

1 PRINT 7sNsLsZsR
FORMAT (51H FORBIDDEN COMBINATION OF N AND L IN HWF SUBPROGRAM/
1 AH N-= T4w6H L= J4y6H" "2 = Feols6H Y HEaIREEA)
YTIME = TIMELEFT(TDUMMY)
PRINT 9999, YTIME : .
9999 FORMAT (1HO+* FROM HWF % E20.8/)
STOP
END
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FUNCTION HNORM(NsLeZ)

M L+t ¢ 1

A =N +

2 = w

Tow A

Nn = a

FN = N

M = M - 1

IF (M ,fQe O ) GO TO 2
PO 1 1T = 1eMm

A = A = 1,

B = R =1,

T = TH*A

D = D*R

HNORM = SQRT (Z*T)/(FN#*D)
RETIIPN

FND

FUNCTION QUADRI( I sJsKK)

COMMON DD(3)¢ZsNPsH«NOWEN(40)+L(20) +DDD(60) +MAX(20) ¢DX(460) s
1 R(200) +RR(400) 4P (204200)

H3 = H/145

K = KK + 2

DEN = L(1) + L(J) + 1 + K

FACT= (1e/FLOAT(L(I)+1)41e/FLOATIL(J)+1))/(DEN+14)

D = PUIs1)HP(Je])*¥R(1)%¥K*( (14+7*¥R(1)I¥FACT)I/(DEN*HT) +45)

M = MAXO0 (MAX(1)«MAX(J)) = 1

DO 1 JU = 2«Me2

JP = JU + 1 5

D = D + 2¢%P (1o JI)¥P(JaJIIHR(JII)*¥XK+P (14 UPI#P(JsJP) ¥R (JP) # K
QUADR = D*H3

RETUGN

END
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SUBROUTINE YKF(IsJsK)
COMMON ATOMs TERMsNWF ¢Z+ NPsHINOSEL (20) sN(20)sL(20) 4D (60) sMAX(20) s
DD(460) +R(200) +RR(200) +R2(200) 1P (20+200) sY(204200) s YK(200)
EALE Z2K(1hJdsich
C = EXP(=H)
A = 4¢%CH¥*(K+1)
AA = A¥A/16.
C = P#K+1
H3 = C*%H/3,
F1 = YK(NO)
F2 = YK(NO-1)
DO 9 MM = 34NO
M = NO =MM+1
3= YIKIM)
YK (M) = YK(M+2)%AA + H3*(F3 + A¥F2 + AA%F1)
Fl = F2
F2'= F3
IF (IARS(I=J) + K «NEe 0) GO TO 10
MX = MAX(1)
IF (MX «GEes NO) GO TO 13

MP = MX + 1
DO 14 M = MP4NO
YK(M) = 1.
A = (le = YK(MX))/FLOAT (MX)
DO 15 M = 1+MX
A=
YK(M) = YK(M) + A*FM
RETURN
END

SUBROUTINE ZK(IsJsK)

COMMON ATOMs TERMaNWF ¢ Z«NPsHINOWEL(20) «N(20)+L (20) +D(540)R(200)
RR(200)+R2(200)+P(204200)+Y(204200)sYK(200)

DEN = L(I) + L(J) + 3+ K

FACT= (1e¢/FLOAT(L(I)+1)+1e/FLOAT(L(J)+1))/(DEN+14s)

DO 1 Jd. = 12

YK(JJ) = RRIJII*¥P (T e JIIXP(JeJJ)/DEN*(1e+ ZH*¥R(JJ)#FACT)

C = EXP (=H)

| e TR - e

A = CHeK
AA = A%A
A = 44%A
F1 = RRI1)*P(Ie1)¥P(Je1)

F2 = RRI2)*P(142)%P(Je2)

DO 8 M = 3«NO

F3 = RRIMI¥P (T «M)¥P(J M)

YK(M) = YK(M=2)#AA 4+ H3#(F3 + A#F2 + AA%*F1)
Fi =F2

F2 =NF3

RETURN

END



10

9999

20

SURROUTINE SCF(IS.IL)

LOGICAL FAIL

COVMON ATOM, TERMsNWF ¢ ZeDD(143)+CPM(20)/TEST/FAIL
CALL GRANGE

PRINT 1
FORMAT(////30X+s2HED+ 15X ¢3HAZDs 10X+ SHPNORM)

Z2 = 24F=7*#SORT(Z*FLOAT(NWF))

PO 3 J =1R,1L

CALL SOLY=(.J)

3E" IFALIL) GO TO 20

CONTINUF

IC =. 1L + 3 ~IB + ((IL = 1B)*%2)/8
DO & 1 = 148

R T 1114 1C

D = 0.

DO 8 J=IBJIL
IF (D «GTe DPM(J)) GO TO S

JJ = J
D = DPM(J)
CONT INUF

§F (7Y aLTe 227 GO TO 11

CaLlL SOLYE(JJ)

PEREFATLYY B0 TO 20

CONTINUF

CALL GRANGE

PRINT 1

D =0

DO 8 J=IBJIL

CALL "SOLVE( J)

IF (FAIL) GO TO 20

D = AMAX1(D+DPM(J))

IF (D WwLTs Z2) GO TO 20

2R = 72 % T2 .
PRINT 10

FORMAT(1H]1¢20X+30HSCF ITERATIONS NOT CONVIRGING
YTIVE = TIMELEFT(TDUMMY)

PRINT 9999, YTIME

FORMAT (1HO+#* FROM SCF * E20.87)
FAIL = «TRUF,.

RETURN

END
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SUSROUT INE GRANGE

COMMON ATOMs TERMINWF +Z ¢NP+DD(22) +N(20)sL(20) +DDD(60) s MAX(20) o
DPM(20) s SUM(20) +EK(20) +E(20+20) sR(600) sP(20+200)/SCRAP/DsD1sCJs

ILsQIsQUIMX 4G
COMMON /CORE/IBJEC(20)
IF(NWF +EQe 1 «ORe IB +EQe NWF ) GO TO 1
DO 2 I= IB + NWF

IL = =}

DO B.dslaIL

TR LELY »NEs LEJ)) GO TO 3
IF (NC1) «EQe N(J)) GO TO 3
Ql = sSuM(l)

QU = suM(w)

IF (ABS(QI=QJ) «LTe 14E=6) GO TO 3
MX = MAXO(MAX(I)sMAX(J))

D = QUADRI(14J40)

IF (JeLTelB) GO TO 10

D011 KR -= 3eMX

P(IsK) = P(l14K) = DRP(J4K)

DI = SQGRT(QUADR(14140))

DO 12 K = 1eMX

P(I«K) = P(IsK)/DI

GO . TQ. 13

DS =D/ 1a QL + 1e/QJ)

DI = DvaQl

DJy = D/aQu

DO 4 K=14.MX

P(JsK) = P(JsK) + DJI*P(14K)
P(I+K) = P(I1sK) + DI*P(JsK)
DI = SQRT(QUADR(14140))

DJ = SQRT(QUADR(JesJe0))

DO 5 K=1MX

P(IsK) = P(1.K)/DI1

P(JsK) = P(JsK) /DI

G = (EKIN(JsI) = EKIN(IsJ))/(QU =-Q1)
E(I«J) = G*QU

E(Jel) = G*Ql

CONTINUE

CONTINUE

PRINT 6

FORMAT (//10X4+28HMATRIX OF ENERGY PARAMTERS
DO 7 I = 14NWF

PRINT 8+s(E(1sJ) s J=14+NP)

FORMAT (10X+10F1246/10X410F1246)

RETURN

END



FUNCTION EKIN(II1)

comme

N ATOMsTERMINWF ¢ Z o

NP «HsNO+sD(E00)+R(200) +RRI2NN) «R2(270) s

1 P(20420C) e Y(20420C) s YK(200) s YR(2N0) eX(200)

TaLL
CALL
oo 1
YK(J)
YR(J)
EKIN
RETUR
END

XCH(T1e2)
POTL (1)
J=1eNO

= vD(J)

= P(IlsJ)
=2« #QUADS(
N

Iellel) + QUAD(IT «NOsYRX)

SUSROUTINF <SOLVE(!])

LOGIC

COMMON ATOMsTERMINWF ¢ Z o

AL 'FATL

NP sHINOEL(20) ¢sN(20)sL(20)4S(20)4AZ(20)

1 ACC(20) ¢MAX(20)+DPM(20) +D(40)¢E(20420)eR(200) «RR(200)4R2(200)

2 P(20¢200)¢Y(20¢200) s YK(200)sYR(200) o+ X(200)+POE(200)42D(697)

5 FDWAZD/TEST/FAILIL
COMMON/TSNLVE/ITEST

CALL
CALL
ED =
aAZn
Al =
[=INE}
RER1
FN
il
RJ
NJ
ETOL
BTOL
V =
o
CN =
cD =
DO 2
25 YK(J
XX =
XP =
ND =
CH=
X1
x2
DO
X3
X(J
X1
e =
IF (1
F L E
Q9 O 16

nonn

Bl = g

POTL (1)
XCH(1+3)
Ble T

RZC¢ 1)

.

De

Ne
N(I)
R

(3¢ *#FN*FN
ALOG (RU/R
= ¢000001%

nomn'n

- FL*¥(FL+1e))/(2e%(2Z

C1))F/H = Bs

(Z = S5(1))#%2

= +00N001*FN

YR(1)/R (1)
4o *FLL +6.

(2e#Z/FN)®®(L(1) +1)
(FL+e&) 822

85 J = 1+NO

) = =2¢%¥(Z=YR(J))I*R(J)

KU1 L0
Xt2 Y3rse
NO = 1
H¥*H/12
Ke2
A

J = 2«ND
X J+10

=CH# (X1 + 10e#X2 + X3)

2

wyA

TEST +EQs
D «L.Te 491
NA = 1410

1) GO TC 99
GO TO 31

5(131))
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22

36

311

J

a5

a1

14

DO 13 NCOUNT = 1410

B3 = ( V + V + ED = (Z/FN)*%2)/C
B4 = Z¥(FL+14333333)/((FL+1e)*(FL+2e))
BONS: 5= v
HW = HWF (NC(I)sL(I)sZsR(J)I/CN
PDE(J) = AZD*(HW + R(J)**¥(L(1)+3)*#B3%(1s=D(J)*B4))/RP2(J)
EDENL ) « = BOE 0¥ » XX
PDE(2) = PDE(2) + XP
DO 6 J=14¢NO
YR(J) = (YK(J) + ED#RR(J))*CH
CALL NMRVS(NJ+DELTAsM+PDE+X)
PNORM = QUAD(I+M+PDE«PDE)
Y1 = PDE(NJ-1)
Y2= PDE(NJ)
Y3 = PDE(NJ+1)
DELTA = (Y2 = Y1) + (Y2 = Y3) + 10e¢#*YR(NJI®Y2 + YR(NJ=-1)%Y] +
1 YRINJ+1)%#Y3 + X(NJ)
DELTAE = Y2%DELTA/ (H*PNORM)
ED = ED - DELTAE
IF (ED oLTe Os) ED = +8%#(ED + DELTAE)
IF (ABS(DELTAE) +LEe ETOL) GO TO 12
CONTINUE
PRINT 22
FORMAT (//50H ENERGY ITERATION IN SOLVE ROUTINE NOT CONVERGING
FAIL = «TRUE.
RE TURN
PN2 = SQRT( PNORM)
DER2 = (AZD - A1)/(PN1 = PN2)
IF (DER1 +EQe Os) DER1 = DER2
AZ(1) = AZD + (PN2 = 14)*(DER1 + DER2)/72.
IE GAZ(T) aGTs 04)-GO TO-35
AZ(1) = +8%*AZD
A1 e Dl
PNl = O
DER1 = O
GO TO 36
Al = AZD
PN1 = PN2
DER1 = DER2
AZDv= RZ(T)
IF (ABS(PN2 - le) oLEe PTOL) GO TO Si
CONTINUE
CALL SOLVES(I+XXaXPsVeNJsM)
MAX (1) = ™
C=AMAX1(e54ACC(1))
AZ(1)=C*AZ(I1)+(1s = C)#AZD
CALL PADJ(I+AMAX1(e54ACC(1)))
RETURN
MAX(I) =™
CALL PADJ(I4ACC(1))
PRINT 144EL(1)4EDsAZDIPN2
FORMAT( 20X +sA342F15¢7¢F1247)

RETURN
END
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SUBROUTINE SOLVES(IsXY sXPsVeNJeM)
DIMENSION ZERO(200)sHQ(200)
LOGICAL FAIL
COMMON ATOMs TERMsNWF ¢Z+ NPsHINOIEL(20) sN(20)+L(20) eW(540)+4D(200)
1 RR(200) +R2(200)+DD(B000) s YK(200) ¢ YR(200) +X(200) +PDE(200) s
? XX(200)+Q1(200)+Q2(200)4EDsAZD/TEST/FAIL
EQUIVALENCE (PDEHQ)
DATA ((ZERO(I)s 1=14200)= 200(0e0))

FN = N(1)

Pl (1)

C = 4¢%#FL +6

CN = (2e%Z/FN)*%(L(1) +1)

CH = H*H/12.
DO 26 U = 14NO
26 YR(J) = (YK(J) + ED*RR(J))*CH
s B3 = V + V + ED = (Z/FN)*%2) /C
Bfis=. ZRIFL+133333833 Y7/ IFL+1.4 )9 IFL*Ra))
DO 5 JU = 142

HW = HWF(N(I)sL(I)eZsR(J))/CN

5 HQ(J) = AZD*(HW + Q(J)’*(L(l)+3)*83’(lo-D(J)“BQ))/DZ(J)
CALL NMRVS(NJDELHsMH+HQ«ZERO)
It = HOQt1) + X¥

Q1(2) = HQ(2) + XP
CALL NMRVS(NJDEL1+M14+Q1eX)
AP = -DEL1/DELH
M = MAXO (MH«M1)
DO 7 J = 1«M
7 Q1(J) = Q1(J) + AP*HQ(J)
X1 = Q1(1)#RR(1)
X2 = 01(2)*RR(2)
Gerl1l s’ X1 7€
f2t2) = X2/C
DO 8 U = 3+NO .
X3 = Q1(J)*RR(J)
XX(J=1)= (10e%#X2 +(X1+X3))*CH
X1 = X2
B X2 = X3
CALL NMRVS(NJ+DEL2+M24¢Q2¢XX)
AA =-DEL2/DELH
M = MAXO(MsM2)
DO 9 U = 1M
9 Q2(J) = Q2(J) + AA®HQ(J)
A2 = QUAD(I1+MsQ14+Q1)
A3 = QUADI(I+MsQ14+Q2)
A4 = QUAD(I«MeQ2+Q2)
D = A3%A3 + A4%(1e = A2)
IF (D «GEe Oe) GO TO 41
ED = ED + A3%(1e. - SQRT (A2))/A4
PRINT 62
62 FORMAT(///20X+3SHFAILURE IN SOLVES ENERGY ADJUSTMENT )
YTIME = TIMELEFT(TDUMMY)
PRINT 99994 YTIME
9999 FORMAT(1HO«* FROM SOLVES #* E20.8/7)
FAIL = «TRUFE.
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RETURN
D = SQRT (D)
BETA1l = (=A3 + D)/A4

BETA2 = (=-A3 =D)/A4
DE1 = BRETA1%#A3/(A4*BETA1 + A3)
DE2 = BETA2%A3/(A4*BETA2 + A3)
Yl = Q1(1) + BETA1*Q2(1)
Y2 = Q1(1) + BETA2%Q2(1)
BETA = BETA1
DELTAE = DE1
IF (Y1l «GTe Oe¢ oANDe Y2 oLEe Oe) GO TO 48
IF (Y1 oLEe Oe¢ sANDes Y2 ¢GTe Os) GO TO 18
IF (ABS(DE1) «LTe ABS(DE2)) GO TO 48
BETA = BETA2
DELTAE = DE2
ED = ED + DELTAE
YY = AZD*(1e + AP + BETA#*AA)
PN = SQRT (A2+ BETA®#(A3+A3+BETA*A4))
DO 35 J = 14NO
PDE(J) = (Ql1(J)+ BETA#Q2(J)) /PN
AZD = YY/PN
PRINT 314EL(1)+EDWAZDsPN
FORMAT (20X s A342F15e74F12e701H%*)
RETURN
END

SUBROUTINE PADJ(1.4C)
COMMON D(6)«NOsDD(120) +MAX(20)+DPM(20)+EK(40)+E(20420)¢R(400) ¢
1 R2(200)+P(204200) +Y(204200)+YK(200) +YR(400) +PDE(200)+XX(600) s

2 ED+AZD

M1 = NO
IF (C «EQs Oe) MI = MAX(1)
DPM(1) = O
DO 1 J = 1eMI
DLFF = P(14J)=PDE(J)
DPM(1) =AMAX1 (DPM(1)+ABS (DIFF)*R2(J))
P(1+J) = PDE(J) + C#DIFF
IF (Ml +EQes NO) GO TO 6
M = MI + 1
DOV4 J M «NO
P(1sJ) O«
IF ( C «EQe 0Os) GO TO 8
PNORM = SQRT (QUADR(I4+140))
DO 10 J=14MI
P(l1sJ) = P(1sJ)/PNORM
CALL YKE(LsIv0s
DC 11 J=14NO

Yiled) = YK(J)
B Liwl )= CEECTIoL)Y » Hls = TISED
RETURN

END
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FUNCTION QUAD(I sMeXaY)
DIMENSION X(200)4Y(200)

COMMON DL (S)sHeNOEL (20) +N(20) 4L (20)«DOD(740) +RPR(200)

FL = L(D)

D = 1e5/(FL+30)/H
QUAD = RR(1)% X(1)%*Y(1)%( D =e5)
DO 1 JU = 2eMe2

QUAD =

QUAD = QUAD#*H/1e5

RETURN

END

SUSROUTINE POTL(I)

COMMON ATOMsTERMNWF ¢ Z«RHO«HINOJEL (20) +N(20)+L(20)¢D(5140)
Y(204200) ¢ YK(200) +YR(200)+DD(1002)+A(204¢2044)

DO 1 J=14sNO
YRIJ) = O
BlFis Ltl)
DO 2 J=1sNWF
IF (A(lsJel) «EQe Oe) GO TO 2
DO 3 UJ = 1¢NO
YR(JJ)= A(laJde 1) *Y(JeJJ)+ YR(JIJ)
DO 5 K = 244
CImBATTw JaK)
1F. {C %EQs 0e¢) GO TO 5
CALL YKF(JeJe2#K=2)
DO 7 JJ=14NO
YR(JJ) = YR(JJ) + CRYK(JJ)
CONTINUE .
CONTINUE
RE TURN
END

QUAD + 2e*RRIJIXX(JI*Y(J)+ RR(J=1)*X(J=-1)%Y(J=-]1)

23
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SUBROUTINE XCH(1410PT)
LOGICAL FAILWRSCAN
COMMON ATOMsTERMsNWF sZ+s NP sHINOSEL(20) sN(20)sL(20)+D(100) ¢ SUMI20),
EK(20)4E(20420)+R(200) RR(200)sR2(200)sP(2041200)+Y(204200) s
YK (200) s YR(200) ¢ X(200) +DD(2402) +B(204204+4) +DDD(62) s+NR+CR(10) 4
KR(10)sI1R(10)+s12R(10) +NCRI(10)¢JIR(10)¢J2R(10)¢NCRJ(10) sNCFGs
WT(6)/TEST/FAILIRSCAN(20)
DO 1 J=14NO
X (1) = e0,
DO 2 J=1 NWF
DQ 3 K=1s4
C = B(laJeK)*2,
IECRVER» 0 ) SC02T0- 2
CALL YKF(lsJe2¥%(K=1) + IABS(L(I) = L(J)))
DO 6 JJ =14NO
X(JJ) = X(JJ)+ CHYK(JJ)¥P(JsJJ)
CONTINUE
CONT INUE
IF (RSCAN(I)) GO TO 4
DO 10 Il=14NR
NI = NCRICII)
N2 = NCRJU(I1)
C = WT(NI)*WT(N2)*CR(I1)/SUMC(I)
DO 11 12=142
DO 12 11=142 :
IF (I1R(II) «NEe 1) GO TO 13
EAIEAMISB LT AR (1-1 Y JERC T 1) s KRL 1T )
M = JIR(IT)
DO 14 J=1s+NO
X(J) = X(J) + CHP(MeJ)*YK(J)
A DS )
IR (LT = 12R ¢ I'T)
lPRty= 111
Fl e QIR eIr)
JIRGL LY w= JZR(T1)
MERCITY. = T 1
o R - B
TIR(II) = JIR(IT)
JIRTIL) =91t
LR 1 2001 1)
I2R(I1)= J2R(11)
J2R(I1)= I11
CONTINUE
GO TO (15416417)s 1OPT
PO 18 J = 14NO
XiJY = XCI)/RUJ)
GO TO 15
DO 5 J =14¢NO
v 4 e N S - T ]
DO 7 J = {aNP
G =eEC ] v ¥
IF.4C +EQe 0 «ORs (J.eEQs:19Y GO TO 7
DO 9 JU = 14NO
XtdJ) = X(JJ) + CHP(JsJII*¥RR(JJ)
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CONTINUE
RETURN
END

SUBROUTINE NMRVS (NJ«DELTAWM4PDE ¢ X)
DIMENSION PDE(200)+X(200)+A(100)+D(100)
COMMON ATOMsTERMNWF ¢ Z+RHOsHsNO+DD(9400) s YR(200)/SCRAR/AWD
C = H#¥H/124
TOL = «0000001%Z
Y1 = PDE(1)
Y2= PDE(2)
Gl = YR(1)
G2 = YR(2)
M = NJ + 1
BOET " -w 5yM
G3 = YRI(I)
Y3 = (Y24+4Y2=Y] + (10.,%G2#Y2 + Gi#Y1) + X(I=1)) / (le = G3)
PDE(I) = Y3
Y1 = Y2
e ='Y3
Gl = G2
G2 = G3
DELTA = Y3
|G
PDE(M) = =(1e = Gl1)#Y1l + X(M)
Bim 63
A(1) = 1o = G
D(1) = =(2e¢ + 10e%G)
RATIO = A(K)/D(K)
IF (K «GEe 99 «ORe M +EQe NO) GO TO 20

K = K +1 »
M = M+l
G = YR(M)

A(K) = 1s - G

D(K) = =(2¢ + 10e%G) = A(K)*RATIO

PDE(M) = =PDE(M=1)*RATIO + X(M)
IF (ABS (PDE(M))- TOL ) 20420022
ED = SQRT (G/C)
CON = EXP (=H#*ED)
PDE(M) = PDE(M)/(D(K) + CON¥(le= YR(M+1)))

J = M+1

DO 2 1= JWNO

PDE(1) = Oe

DO 3 U = 2K

1 = M=J+1l

11 = K=J+1

PDE(I) = (PDE(I1)=A(I11+1)%PDE(I+1))/D(I1)
DELTA = DELTA = PBDECT)

RETURN

END
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SUBROUTINE DIAG(ETOTAL +DELTAEID) t

COMMON ATOMsTERMsNWF ¢Z 4+ NPsHINOSEL(20) sN(20)+sL(20)4D(120) sZK(20),
E(20420)+DD(13202) ¢ NFsNGICFG(10) sKFG(10) s IFG(10)sNCI(10) s
JEG(10)«NCJU(10)sNRsCR(10)+sKR(10)¢I11R(10)4I2R(10)sNCRI(10)
JlQ(lO).JZQ(lO)-HCQJ(10)-NCFG0WT(6)0OC(20'6)/COEFF/CA(303)c
CB(44444)/SCRAP/ET(646) 1X(696)9CeCCaCCCoLIsLJsIMyN] N2 sNFOGNL ,
NMe IP4 P RATIOCONTETPREVIETL

COMMON  /CORF/ IBWEC(20)

DO 1 1 = 1By NWF

ER(I) = —«S#(EKIN(IsI) + EC(I41))

bR 2 T1=1VNCFG

DO 3 JJ=1+NCFG

ETCITwld) =" 0a

DO S5 I =14.NWF

ES= e LSIT Y

[E S(C ¢EQ. Os) GO TO 5

ETCEI«IT) = ET(II0I1) + CHREK(T) ++SHCHIC~] s i RERLTH T O}

g e Y |

I'F Gl sE.Qle 09/ GO <TO &

BO K = 1yl

ET(ITelIl) = ET(ITW11) = CA(LIsKI*CH(C=14)#¥FK(Ta]es2%K)%e5

FE P REds 1) GO TO LS

IM = [-1

LI = EI+1

DO 8 J=1+1M

GE =NEXRE(ITT)

IEC(CC sEQs 0a) GD TO R

ETCTINITS = ET(I L) S CexER UL vJsD)

EJgs= b))y ed

DO 9 K=14+4

EEC = CHICLET yEJyi)

IFF (ECC «EQs 0s) GOITOB

ET(ITaI1) = ET(IIsI1) = CCHCCCHGK(I4Je2%(K=1)+ IABS(LI-LJ))

CONTINUE

CONTINUE

CONTINUE

FE (NF eEQai 0) GO TO- 10

DO 11 I=14NF

N1 = NCI(1)

N2 = NCJ(1)

NLwWwN -

CONT = o5%#CFG(1) #FEKCIFG(I) o JFG(I) oKFG(I))
ET(N1«N2) = ET(N1sN2) + CONT
ET(N2+¢N1) = ET(N24N1) + CONT

IF (NG «EQe 0) GO TO 12
NFD = NF+1
NL = NF + NG
DO 13 I=NFPNL
= NCI(1)
N2 = NCJUI(I)
CONT = «S%#CFG(1]) #¥GK(IFG(1) e JFGLI)eKFG(1))
ET(NLsN2) = ET(NLN2) + CONT
ET(N2sN1) = ET(N2+N1) + CONT
IF (NR «EQe 0) GO TO 14
DO 15 1 =1.NR



27

N1 = NCRI(I])
N2 = NCRUI(I)
CONT =+5%CR(1]) ¥RK(IIR(III2R(IDN W JIR(II W U2D(I) e ]))
ET(N1+N2) = ET(N1sN2) + CONT
1S ET(N2sN1) = ET(N24N1) + CONT

IF (NCFG +EQe 1) GO TO 37
IF (1D +GTe 0) GO TO 38
ETPREV = 0,

DO 30 I1=145

ETL s O

DO 16 1=14NCFG

CONT = 0.

DO 17 JU=1+NCFG

17 CONT = CONT + WT(JU)#ET(1e¢J)
16 ETL = ETI S YT YSCONT
DO 18 1=14NCFG
DO 19 JU=1.NCFG
19 Bl JY ="ET (T J)
18 X{1sl) = X(1e1) = ETL
WTl1) =156
WT(2) = =X(2¢1)/X(2:2)

IF (NCFG «FQe 2) GO TO 20
NM = NCFG =1

DO 21 I=2+NM

1P =141

DO 21 JU=1PWNCFG

RATIO = XUtJdeT)#X(1e1)

DO 23 K=1.NCFG

| X(JeK) = X(JeK)= RATIO®*X(14+K)
21 CONTINUF
WTINCFG) = =X(NCFGs1)/X(NCFGINCFG)
DO 24 1 = 2+NM
J = NCFG =1+1 »
JP = U+1
WT(J)= =X(Jel)
DO 25 K = JUPWNCFG
25 WT(J) = WT(J) = X(JeK)#WT(K)
2a WT(J) = WT(JI/X(JeJ)
20 DO 26 1=2+NCFG
26 WT(1) = WT(1) + WT(I)##2
WT(1) = 1e¢/SQRT(WT(1))
DO 27 1=2+NCFG
27 WT(1) = WT(I)*WT(1)
IF (ABS((ETPREV=ETL)/ZETL) «LTe 1¢E=5) GO TO 31
30 ETPREV = ETL
PRINT 40
40 FORMAT(// /10X +47HMATRIX DIAGONALIZATION PROCEDURE NOT CONVERGING )

YTIME = TIMELEFT(TDUMMY)
PRINT 9999, YTIME
9999 FORMAT(1HO+«* FROM DIAG % E20e8/)
DELTAE = O«
GO TO 133
31 DELTAE = ETL =-ETOTAL
33 ETOTAL = E3L
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32

34

36

37

=28

—

39

35

1
1

1

PRINT 32+.ETOTAL
FORMAT (// 10X+ 15SHTOTAL ENERGY = F18e8 )
PRINT 34

FORMAT (/20X s 6HWE IGHT + 10X+ 1 3HENERGY MATRIX )

DO 35 1=1+NCFG

PRINT 36+s1sWT(I)e(ET(IsJ)e Jmlsl)
FORMAT(10X+s15¢F10e5¢5X+16F15e6)
RETURN

ETOTAL = ET(1x1)

DELTAE = O

PRINT 32+.ETOTAL

RETURN

DEETAE. =D

ETOTAL = ET(1+s1)

GO TO 39

END

FUNCTION FK(I+sJsK)

COMMON D(6) +NOsDD(5200)sY(204200)+YK(200)
IF (K «NEe 0) GO TO 1

DO 3 JJ=1+NO

YK(JJI) = Y1aJJ)

GO TO 4

CALL ¥YKF{I1s14K)

FK = QUADS(JesJde 1)

RETURN

END

FUNCTION GK(1sJeK)
CALL YKF(laeJeK)

GK = QUADS(T4sJ0e1)
RETURN

END

FUNCTION QUADS(1esJeKK)

COMMON DD (3) +«Z+«NP+sHINOWEN(40) s L(20)+DDD(60) +MAX(20)4DX(460) »
R(200)+RR(200)+«R2(200)+P(20+4200)+Y(204200)+YK(200)

DEN = L(1) + L(J) + 3
H3 = H/1.5

CD=1e5%(1e+Z#R(1)#(1e/FLOAT(L(IN+1)+1e/FLOAT(L(J)+1))/(DEN+14))

K = 2 = KK

D = YK(1I)*P(I+41)*¥P(Js1)#R(1)#*K*( CD/ (DEN#*H)

ND = MAXO (MAX(1)sMAX(J)) = 1

DO 1 M =24NDs2

M = M+1

D = D 4 2e%YK(M)#P (I ¢+M)I¥P(JsM)¥R (M) %K +YK(MM)XP (] MM)XP(JgMM)*
R(MM) ¥ %K .

QUADS = D*H3

RETURN

END

+e5)
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18
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FUNCTION RK(TsJelleJJek)
DALL YKFE (1411 0K)

RIC = QUADStJeJJe 1)
RETIIRN

END

SURROUT INF PRNT

29

COMMON ATOMs TERMeNWF ¢ ZsNPaHINCIEL(20) 4L (100) «MAX(20)«DTPM(2C) o

DD(440)+R(200) +RR(2C0) +sR2(200)+sP(20+200)/SCRAP/IVWF ()4

READ 1 +NPAGF
FORMAT(13)
DO 2 I = 1+NPAGE

READ 3+NCOL(IWF(J)e J=1sNCOL)

FORMAT(K11)

MX = 0O

DO 4 J = 1+NCOL

1J = IWF(J)
MX = MAXO(MX¢MAX(1J))
PRINT S5+ATOM, TERM

FORMAT(1H1+9X19HWAVE FUNCTIONS FOR 2A6 //)

DO 7 JJ= 1«NCOL

10 = 1wWF(JY)

OUT(JJ) = EL(IJ)
PRINT 84 (0UT(J)s J=1NCOL)

FORMAT(17X1HRs S(15X+A3))
K =0

K = 0

DO & J = _1MX

DO © JJ= 1+NCOL

1J = IWF(JJ)

QUT(JJ) = P(1JeJI¥R2(J)
K2 K +1

IF (K «LEe 10) GO TO 6
IG = %
KK = KK + 1

IF (KK oLTe S) GO TO 21
KK = 0
PRINT 23

FORMAT(1H1/7/)

GO TO 6
PRINT 18
FORMAT (1X)

PRINT 10sR(J) ¢ (QUT(JJ) eJJ=1+NCOL)

FORMAT(F20e54¢F20e544F18e5)
PO 15 U = 1«NCOL

1 = 1wF(J)

OUT(J) = DPM(1U)
PRINT 16+(0UT(J) s J=14NCOL)
FORMAT(//10Xes 10HDIFFERENCE
CONTINUF

RETURN

NN

F7Z0e504F1846)

o~

(D)%

T(R)
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1
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13
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19
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SUBROUT INE FNERGY

COMMON ATOMsTERMeNWF + ZsNPsHINOWEL(20) sN(20) 4L (20)sD(10542) ¢
A(20e2004)sB(20+204¢4)sDD(62) sNRsCR(10) ¢KR(10) s 11R(10)¢12R (1004
NCRI(10)+JIR(10)¢J2R(10)¢«NCRJ(10)/SCRAP/IW(4) 40UT(4) sH3INDIKF

i Tl 32l v )2

DIMENSION FK(20)
DIMENSION EKINP(2
COMMON /CORE/ 1By
FQUIVALENCE: (EIK{1
DATA (DU = 1H )
Ha e WAL

PRINT 1+ ATOMs TE
FORMAT (1H1 «9X37H

ARG Z2X)
ND = NO=-1
DO 2 1 = 14NWF
EC(1) = EK(I)
DO 3 J = l«NWF
KF = 0
DO 6 K = 142
IF (A(TeJeK) «EQe
IWI(K) = 2%K - 2
OUTHCKY = FILT 9.l
QUT(K)=0UT(K)*219
KF = KF+1
IF. {RF “aNEw. 0) PR
FORMAT (4 (A1 4 1HF 41
MIN = TABS (L(I)
KE =10

NO 13 K=144
IF (B(IsJsK) «EQe

0)
ECC209
Yo D(121))

RM

VALUES OF F AND G INTEGRALS FUR ATOM A6+7H

O0.) GO TO 8

W(K))
47446

INT 124 (DUIWIK)SEL(I)eEL(J)OUTI(K) ¢

1¢2H (+A391HsAZ244H ) = F1l0ele4X))
=L{J))

Oe ) GO TO 15

Tw(k) = MIN + 2%(K-1)
OUT(K) = GK(TsJeIW(K))

OUT(K)=0UT(K)*219
KF =" KF+1

IF (KF oNEe 0) PR
FORMAT(4(A1+41HG !
CONTINUE
CONTINUE

CONT FNUF

47446

INT 194 (DUsIWIK)SEL(I)4EL(J)2OUT(K)
1+42H (A341HWA344H ) = F10ele4X))

PRINT 994 ATOMs TERM,s 2Z
FORMAT (1H14s /24XSHATOM A6+3XSHTERM A6¢SX3H(Z= +F4e0e1XelH)

PRINT 26

FORMAT (//+9Xs43H
s 15X+ 2HNL +6XSH

DO 27 1 =14 NWF

EKINP(1) = EK(I)

PRINT 284FL(I)e E

FORMAT (14X%Xs A3,

CONTINUE

IF (NR +EQe 0) GO

PRINT 21

FORMAT (//9X21HVAL

P 22 I = yNR

ONE ELECTRON
I(NL)s 11Xe2HKE/)

+Z*¥QUIDR(T 41 4=1)
K(I)s EKINP(I)
2F1446)

TO 2D .

UES OF R INTEGRALS /7)

K=1sKF)

K=1+KF)

TERM

)

INTEGRALS AND KINETIC ENERGIES//
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2 11 = 11R(T)
12 = 12R(1)
1B JTRTTY .

J2 = J2R(1)
OUT(1) = RPK(I14124J1¢J2¢KR(1))
22 PRINT 23eKR(I1)sEL(I1)sELCTI2) s2LIJ1)sELIJI2)s0UT(1)

23 FORMAT(21Xe1HReI142H (42A241Hs 2A344H ) = FlNeb )
an DETIRN
L Nip}

SURROQUTINE RADIUS

COMMON ATOMyTERMINWF ¢ ZeNPsHeNOWEL(20) «N(20) 4L (20)¢S(20) 4AZ(20) s
IDCT00) YE (206 20) 7SCRAPZ/F 31 20) DM D0 RH ST I gDENs sy sSEL 20 056)
COMMON /CNRF/ IR C(20)

PRINT 1+ATOM(TERM 47

1 FORMAT (1H1424XSHATOM A€ ¢ 3XSHTERM A6 ¢SX3H(Z=eF4e0e1Xe1H) // 168X
1 13HVMEAN VALUF OF/
? 15X s 2HNL ¢« 7XSHE (NL ) ¢ OX6HAZ (NL) « 6XSHSIGMA ¢ 7X 1HR ¢ 12X 4HR*#2 4
2 10X6H] /R#¥%34 1 OX4-D¥%4)

PUNCH 34ATOM, TERM

3 FORMAT(10X+SHATOM +A6¢3XeSHTERM +46)
DO 2 1 = 1«NWF
RM = QUADR(TI+141)

RMM = QUANR(I«+142)
RMMMM=QUANR (1 +144)

RE 2 3EN(IIENCTIY) = LOTI®ROLILI) + ™
Qe = 7 = JEXRH/DM

RE s SWENTTIRNCLY = LUTISILOTY 4+ 1)
B = 7 = S¥PH/DM

Btill. = SC

RACLY. = "0»
IF (L(I) eNFe 0) R3(1) = QUADR(I+1¢=3)
PRINT 4sEL(I)SECIsI)IeAZ(I)sSCeRM4PMMIRI(]) ¢RMMMM
4 FORMAT (14X 4 A3eF15e7eF14464F2e212F14e64F 14044F1446)
2 CONTINUF
NIT = NWF +1=- IR
PRINT Ss NIT
5 FORMAT (//20X«8HTHE LAST 12 ¥« 2NHMADE SELF CONSISTFMT )
CAlL SPIN
SETURN
FEND
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SUBROUTINE SPIN

COMMON ATOMsTERMsNWF s Z NP sHeNOsEL(20) sN(20) sL(20) +CD(13885) sNCFGy
1 WT(6)+QC(20+16)/SCRAP/R3(20)4SS(3) Q1 4QJsLIsLIsSPsCoCC
DIMENSION CV(34446) o CN(3e4447)
DATA(CV==1¢04000069 Oe1=02¢009 82:009=0085714284¢044+085714286+00a%
Dev=06100¢ —e61Nes=e171428579s 00 9=e08571428+000¢ 025714285700

=N OPRET7142P857,

NDes0ee=e428571434 Dee=e342857144009 =05142857140e9=e0857142R5,

Nesv=e 057142857400 s

Nee0es0es 001009 -e23809523s 0e1=e285714284009 —e47619047540 0

=N e DEA9RENAYUQ,

NeaDeslNes NDee0esNes Nes0es=0194B05194 0e9=0259740259¢Ne s
NesDe1069Ne9NesNes0es0s90esNesNea=Ne174825175)
DATA(CN=2090e¢9009 Oese8Bs)es ¢8e¢00e0 eS142857144 Dese514285714400 4
1 NesleBrsNes =1eNe1Nese85714285¢ Nee=e69100 1628571428400

2 —0as428571428%54

R =1090001e7142857¢ 0e9=0142857144009 =1e¢6857143+000¢-0257142854
4009=07142857144004¢0060=162¢0090090e0¢=6047619054000=6171428574040s
S5=2e¢4761905¢006 ¢=0142857142,
6 004000¢=1e28571428¢ 00 9=034285714400e9 051428571406 4e033766223,
700 ¢-¢3688311688+004006906900690e90e¢¢=e476190474003Ce900e4+e9523809524,
806 +=0eN6493506492,
© 004004009 003009069 D009Ves=019480519s Oes 2597402597404 )

DATA (B = 4H )

PRINT 1 2

FORMAT(//22X+41HDETAILS OF MAGNETIC INTERACTION INTEGRALS /)

DO 2 K = 14NCFG

DDA 9V~

NO 7 1 = 1NWF

QF = GCLT )

LT Sl Y

IF (Ql. eEQe FLOAT(4%L1+2) «ORe L1 «EQe 0) GO TO 7
SO = 7#R3(]1)*5.843574

epO=8P

PRINT SO0, FL(I)4sSPO

FORMAT (// /20X 10HORIG ZETA( A344H) = FiQs2 #£)

DO 4 U = 1+NWF
QU = QC(JU+K)

IF (QJ «EQe Oe¢ eORe I +EQe J) GO TO 4
Ld =)

C=0y

SDl=<p

CSD = SP = 2, #C*¥SM(14J40)

SPNIF=cpP]-<p
SMP=CM(T4Je0) %1,

SMO=SM(Je140)

PRINT S14EL(I1)+EL(J)+sSP+SPI+SPDIF«SMP¢SMQ

FORMAT (/20X +8HZETA C ( A3+41HsA344H) = 3X 2F 100 343F 10538
DO & KK=146

CC = CVILTLJ+]14KK)

epN=SpP

IF (CC oNFe Do) SP = SP = CHGLCH¥V(IsJiKK=1)

I =K =

IF(SP4FQeSPN) GN TH §
ce\v/p= VITeJeKK=1)
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SVO=V(Jel okKK=-1)

PRINT S2+KKK+EL(1)+EL(J)+SP+SVP+SVQ
FORMAT (20X s 7HZETAC=V 1X+sI1241H(A341HsA344H) = F10e2+20Xe2F1045)
CONTINUE

DO 6 Kk =1.7

CC = CN(LT«LJ+14KK)

epo=ap

IF (CC oeNFe Oe¢) SP = SP = CH#CC*#SN(leJeKK=2)
KKK =K =2

IF(eP,ENeSON) GO TN A

SNIP= SN(]4sJekKKk=2)

EMO=SN(Jal aKik=2)

PRINT S3KKK«EL(I)EL(J)+sSP+SNP«SNQ
FORMAT (20X + BHZETACV=N +12¢1H(A341HsA3¢4H) = Fl0e2¢20Xe2F10e5)
CONTINLIE

CONTINUE

BSE1) = SMLle1e0)

C = QC(1l.k)

F 0 C sFQn. 1a) GO TO O

C=C+C=3,

BB = 6D - CEGS(1)

cgp=cc ()

SESQ=SN(1+s100)

PRINT S4+ EL(I)s SP.SSP+SSQ

FORMAT (20X 4+ 1 1HZETACVN=SSP Wv1H(A3¢3HIMOs4H) = Fl10e2¢5Xe2F10e57)
GO TO (3s11412)4 LI

SE(2) = SM(Te142)

SP = SP + ,R85714286#S5S5(2)

seP=58%(2)

SSQ=SN(Ie142)

PRINT 55, FL(I)s SPsSSP,SSQ

FORMAT (20X 1 1HZETACVN=SSD WIH(A343H M2e4H) = Fl0e2:9X2F1Ne5/)
G TO 3 .

SSL2) = SM({Ysle2)

S5(3) = SM(Te1s4)

QP = SP + SC8(2) + ¢45454545%25(3)
sep]=cc(2)

sepp=5¢c(3)

SSQ1=SN(1+s142)

SSQ2=SN(Ile14a)

PRINT 564+ FL(I)s SPe¢SSP1+4SSQ1+SSP2+55Q2

FORMAT (20X1 1HZETACUN=SSF  +1H(A3+3H«M4s4H) = F10e245X4F10e5/)

COLTO 3

PRINT 10+ Ks-FL(I)s SP

FORMAT (20X+sl14s 6H ZETA(A344H)= F10es2 )

S0 TD 7

PRINT 14«KeFL(I)sSPe(BELII)WEL(I)SS(II)e IT=14L1)

FORMAT (20X1446H ZETA(A344H) = F10e24¢4XsA443HMO(A3 s 1HsA344H) = FHe?
VA4 /55X« 3HM2(A341HeA3e4H) = F6el
VA4 /55X s 3HMA (A2 1HA3e4H) = F6e3)

CONT INUIF

CONTINUE

RFTULIRN

FND
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FUNCTION SM(TesJeK)

CRLL 2 bdsJail)

SM = "QUADS(1+41+3)%2.921787
RETUIRN

END

FUNCTION SN(1eJeK)

CAKL ZRA T o Js )

SN = QUADS(I,4,J43)%2,921787
RETURN

END

FUNCTICON V(I1sJeK)

CALI. DYK(1eJeK)

Vo= BUADSTT v s 2)

CALL DYK(Jalask)

V = (V = QUADS(1eJs2))%#2¢921787
OFTIIRN

END
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SUBROUTINE DYK(TeJaek)

COMMON ATOMs TERMsNWF ¢ Z¢NP ¢HeNO'EL (20) +N(20) sL (20) 4D(540) 4R(200) s
1 RR(200)¢R2(200)+P(20+200) sY(204200)sYK(200)/SCRAP/R3(30) «DENy
P CeH34AsAAFACT «F1¢F24F34ND

BEN = Ll1I+ L(Jy+ 2 + K

DO 1 JJ =142

YK(JJ) = FLOAT (L)) #P(1sJJI¥P(JeJJ)*¥R(JJ)/DEN
C = EXP (=H)

H3 = H/3.

A = CHaK

AA = A%*A

A = 4.%A

FOCT-» FLOAT. (L{(J))

F1 = FACT®P(1+1)%P(Js1)%R(1)

F2 = FACT*P(1+42)#P(Je2)%#R(2)

ND = NO=-1

DO 8 M =34ND

F3 zeSH#P(T  MIK((P(JeM+1)=P(JeM=1))/H = P(JsM))I*R (M)
YK(M) = YK(M=2)%AA + H2I#(F3+ A¥F2 + AA*F])
F1 F2

Fe F3

A = A¥(C)**3

AA = A¥%A/16.

C = 2#K+3

H3 = C¥H3

YK(NO)= YKI(ND)

F1 = YK(NO)

F2 = F1

DO 9 MM = 3+NO

M = NO =MM+1

F3 =2YK(M)

YK(M) = YK(M+2)*AA + H3*(F3 +AXF2 + AA¥F1)
F] = F2

F2 = F3

RETURN

END
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SUBROUTINF ORTHO

COMMON ATOM«TERM NWF oD (4) ¢ EL (20) sN(20)¢L(20)

PRINT 1+ATOM,TERM -
FORMAT (1H1 49X+ 33HORTHOGONALITY INTEGRALS FOR ATOM A6.6H TER

1 20X+ 4H(NL) ¢3Xe4H(NL) + 7XsBHINTEGRAL L5y

DO 2 1 = 2«NWF
U=
NO 3 J = 1wF

IF (L(1) eNEe L(J)) GO TO 3
T = QUADR(T4Je0)

PRINT 7sEL(I)WEL(J) T
FORMAT (21X 1A3¢4XsA34F15e8)
CONT INUE
CONTINUE

¥TIME = TIMELEFT (TDUMMY )

PRINT ©9Q9, YTIME

FORMAT(1HO % FROM ORTHO * E20.87)
RETURN

END

SUBROUT INE PNCH
COMMON ATOMs TERMsNWF ¢ Z ¢« NP sHINOWEL(20) ¢« (100) +MAX(20)+DD(1060) s
1 P(204200)/SCRAP/IW(Z0)
DIMENSION EK(20)+EKPNCH(20)
EQUIVALENCE (EK(1).DD(41))
RFEAD 1 +NPNCHs (IW(K)s K=1+NPNCH)
FORMAT (2113)
IF (NPNCH «EQe 0) GO TO 2

DO 6 1J = 1+NPNCH
1 = IW(IJ)
MX = MAX(1)

PUNCH 4+ATOMSsTERMWEL (1) eMXe2Z

FORMAT (6H ATOM +A6+6H TERM +A6+8HELECTRONIA3+I6+FE0)
PUNCH Se(P(14J)s J=1+MX)

FORMAT(7F11e7)

I =1

DO © K=1NPNCH

KiK. = 1TW(K)

EKBPNCH( 1) = EKI(KK)

T =y ]

CONTINUF

PUNCH 254 (FKPNCHI(I) o I =1+NPNCH )
FORMAT (5F1648)

RETURN

END
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SUBROUTINE SCALE(ZZ)

COMMON ATOMsTERMINWF ¢ ZsNPsHIsNOIEL(20) «N(20)+L(20)4S(20)+AZ(20)
1 ACC(20) +MAX(20)+D(60)+E(20+420)sR(200) +RR(200)4R2(200)«P(20+200)
2 WY (204200) 4 YK(200)4RS(200)+PS(200)/SCRAP/RATIOISReSCeSSeKFO
3 Fl«F24F3
RATIO = 2,22

SR = SQRT (RATIO)

DO 1 J = 1«NO

R(J) = R{J)*RATIO
RR(J) = R(JI*R(Y)

R2(J) = R2(J)*SR

DO 2 I = 1+NWF

SC s . (ZZ=S5(1))/71Z=S(1))
SS = SC#RATIO
DO 3 JU = 1sNO

RS(J) = R(J)/SS

PS(J) = PllesJ)%*SC

ik = 3

ND = NO =1

DO 4 JU = 14NO

IF (K "sEGs ND) GO.TO 7

IF (RSIK) +GTe R(J)) GO TO 6
K =K + 1

GO TO S5

THETA = ALOG(R(J)/RS(K=1))/H
FO = PS(K=2)

F1l = PS(K=1)

rF2 = PSiK)

F3 = PS(K+1)

P(leJd) = oS#(F14F2) + (THETA =eS)#(F2 = F1) + «25S#(THETA=14+)#THETA
1 B(FD - Fl = F2:% F3)

GO TO 4

P(lseJ) = Oo .

CONTINUE

PNORM = SQRT(QUADRI(I+140))

DO 10 U = 1«NO

P(l4J) = P(1sJ)/PNORM

CALL YKF(14140)

DO 11 J = 1«NO

Y(led) = YK(J)

MAX(1) = K

E(lsl1) = EL1+1)%S5CH82

SC = (2ZZ = «S%S(1))/(Z = «5%S(1))
SR = SQRT (SC)

AZ(1) = AZ(1)%SCH¥*(L(I1)+1)*SR
Z = 22

RETURN

END
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D. Sample Data for HF Program

1. This first sample is an example of a sequential-type frozen-
core run.

First, the solutions for the configuration 1s22s? of B II are
calculated using the usual procedure of constructing initial estimates from
the screening numbers. These ls and 2s functions are then taken as initial
estimates for the second case, although the 1s and 2s functions are kept
fixed while making the 2p self-consistent. Next, these solutions are left in
the memory to calculate the third case, in which the 2s and 2p orbitals are
made self-consistent in the field of the frozen ls’ core. Finally, for com-
parison purposes, we obtain a solution for lsZZszp of B I, allowing all three
orbitals to vary. (Total run time: lmin 14 sec.)

B il AVe 2 1 S -340 40625 140 =
1527252 1.0
85 ) 0 04397 2
25y 2.0 1968 2
0 0 2
1
= 1 e
i 2
*
B .1 AV e o | -3+0 40625 140
2P 1.0
ISt el 00397 1.2
e = 0 1965 1 2
apr e ] 2wi3g 1
(o] 1 1
1
3 1 2 3
3 1 o 3
*
BT AV e R =30 «0625 140
2P 1.0
15 1 0O 04397 1 2
285 2 0 14965 i -2
2P 2 12.732 oty
g 1 2
1
a =1 2 3
3 1 23
*
B 1 AVe = K | -3¢0 «0625 140
2P 1.0
51 004397 1 e
28, 2 0 1.968 G
e R -y e [ 1 1
(o120
1
o 1 - .|
enl .. 3



2. This second sample is an example of a separate-time frozen-
core run.

First the solutions of a previous "core-producing" run are
obtained and the selected core l—3i's and I;'s are obtained by means of the
PNCH option. Inthis example, the firstnine orbitals (1s* 2s? 2p® 3s? 3p® 34'°
4s® 4p® 4d'°) of the La II 5d* solution were chosen as the core, thus enabling
various other rearrangements of electrons among the orbitals beyond the
4d to be made self-consistent in the field of this core. For the example
here, the solutions for La II 6s6p are obtained by making the outermost
four orbitals self-consistent. Note that only the first 15 and last 7 cards
of this example input have to be punched manually since those for the
?i's and I;'s correspond to the punched output of the "core-producing"
run. (Total run time: ~4 min.)

LA 11 AVe 13 1 57 -3¢0 +0625 174 4
68/6P 10

IS S0 D071 -1

eRL I B 0 4.45 =3 B

2P 2 1 5.58 g | 6
38892 0 11.84 -l 2

3 3 171379 o | 6

SO 392 186 110

4S 4 0 21.96 L | 2

4P 4 1 24451 .
QDG 2729071 8¢5 58 1

S8 TE 038,29 2«75 -
L 1 38448 1455 .4 6

6S 6 04S. 04838 8455 o4 1

6P 6 145, 0607 112.2 .4 1

ATOM LA 11 TERM AVe ELECTRON 1S 104 ) 4

23.972B096 246545199 2543503688 2640601157 2647834524 275199963 2842692833
2940307598 2948037745 3045875699 3143812730 321838853 329942731 3348111565
3446330988 35.4584950 36.2855605 3741123193 B7.9365925 38.7559869 39.5678837
4043694282 4141575198 4149288038 42.6796638 4344062173 4441043117 4447695252
4543971703 45.:9822997 4645197204 47.004N098 474295397 4747905071 480809720
4842949046 4844262409 4B.4689486 4844171033 4842649753 4B+0071274 47467385232
4741546461 46,5516264 45,8263778 4449767379 44.0016123 429011186 al1.6767249
403313788 388696211 372976777 356235259 338569130 32.0093500 30.0940439
2841257780 2641207323 2440962418 2240704934 2040621640 1840900072 1641724000
14,326B637 12:5695792 1069149172 93750096 749593855 646796967 Se5245528
445094818 3,6270239 28719575 2.2366463 17114884 142854365 049465572
0.6825881 004814585 063317389 02229953 041460338 040930314 040575605
040345245 060200267 060111963 00059982 0.0030457 040014315 0+0005859
N40001658 =00000272 =040001034 =040001221 =-0+0001142 =-00000955 -0+0000741
=0.0000537 =0,0000362 -0.0000221 =0.0000114 =040000039 00000006
ATOM LA 11 TERM AVve ELECTRON 2S 108 57
748208289 B8.0429088 B8.2695389 8.5006301 Be7360697 89757188 942194095
Q.4669423 9,7180826 99725577 102300532 1044902092 107526162 110168110
1142822720 11,5484148 11,8145870 12.0800631 123440395 126056286 1286738535
1341176427 13.3658240 13,6071194 1384012397 140633797 1442752136 1444738913
14,6575350 1448241377 1449715616 1540975398 1541996783 152754609 153222565
1543373298 1543178545 15,2609314 1541636101 1540229161 14+8358828 1445995894
14,3112056 13.96B0422 13,5676085 131076779 125863585 120021724 113541398
106418690 9.8656501 9,026:i515 Be1265159 7.1684540 641563321 50952499
3.9915030 2.8526267 166874139 045059020 =0+6806770 =148599894 -3.0187400
=8,1428647 -5.2177762 -642286653 -7.1608534 -8.0001909 -8+7334933 -9+3490000
-9,8368396-10+1894808-10¢4021433-1044731456-104041593-10+2003502 -9.8703706
=9,4262087 -B+BB2B649 -B.2578670 -7.5706350 -6¢8417219 -6+0919681 -5.3416204
=84,6094725 -3+9120889 -342631700 -2.6731089 -2+1487716 -1.6935154 -143074318
=049877832 -0+7295806 -0¢5262391 =-043702464 -0+2537831 -01692480 -0.1096584
~040689124 -040419192 -040246159 -040138980 -0+0074934 -0+0038097 -0+0017787
-N-NN0D7153 =0.0002012 0,0000012
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ATOM LA 11
Ne1070664
0e2072825
043913890
047301819
13381774
243860101
4.0786151
645260981
9649307073
11.8767473
11.8632908
B.4543446
3.6454406
07533300
00542145
0.N0006359

-N,0000980

-0,0000083

ATOM LA 11
345352246
4.2790528
S.0988256
S.9261189
646156833
649058636
644006516
446552806
15139049

-2.2256488

—443448508

-2¢5358095
19789380
440902553
202453767
064150974
00217271
NeNDNO2485

-0,0000378

-Ne0000044

ATOM LA 11
0.0516146
0.0981383
0.1851993
043454422
046327725
1.1269118
149206419
3.0548454
443498431
561461077
442791175
10525643

—-2.8807413

-4,0597549

-2e1252294
-0e4150274
-0e0246151
-0.0N004187

ATOM LA 11
NeNOD1421
00004205
00012377
00036159
00104392
040295978
00816277
0.2158614
05358291

TERM Ay
041195941
02272004
044282090
047971996
14562787
245836943
443829502
649424161
9.9061409
12.,0657438
11.5758212
77671811
30637700
045566682
0.0333106
0,0001767
=0+40000760
=0,0000050
TERM AV
3.6355899
443925069
52189255
640377237
646894205
6.8930708
642364286
442873749
049798016
-26938669
=443549530
-19591949
245455443
440041326
148919234
042954311
0.0127768
040000844
-0.0000303
=0,0000030
TERM Av
040565965
0.1075158
0.2026182
03771304
0.6885412
12199417
240625279
32389665
445172479
541534897
3.9576022
0.4568538
=3.2854664
-349116481
-1e7953734
=0e2996234
=0e0147916
-0.0002084
TERM Av
040001660
040004908
040014434
040042107
0.0121307
040342811
040940733
042469037
046059900

« ELECTRON 2P 124
0e1311244 041437506
042488725 042725655
044683773 045121790
048700368 049491439
145838725 147215714
247952351 2.0211986
447035000 S.0401012
743585118 747821646

1043042937 1046822719
121989567 1242709480
1142142171 10+7813267
740597595 643444233
245348501 240628837
044022341 042838761
040197908 040113273

-0.0000389 -0.0001260

-04 0000569 -Ne0000413

-04000N029 -040000015

e ELECTRON 3s 139
347380079 348424377
4,5074564 4.,6237575
503390051 544587313
641461250 642506813
647542564 648091348
648623159 648137055
640453106 548262270
348899553 344640250
044354418 =041137390

-341212004 -3.4988024

~442746923 -4.1022296
-143314340 -046681102
340398296 3.4485406
348341715 345936144
145589388 142555216
02047582 041381320
0,0073134 040040722
00000024 =0e0000349

-040000235 -040000177

=040000019 -0,0007012

« ELECTRON 3P 125
040620529 040680278
041177704 041289810
042216201 042423397
044115660 04489608
0¢7487738 048137531
143194105 144255600
242116236 243677557
3.4260660 346147865
446725606 448125269
561226022 540497430
345841474 341606059

~0e1474936 -047490201
-3.6186325 -3.8732776
-347004663 -344374575
-144859967 -142042587
-042109438 =-0s1447414
-04008A648 -040049537
-0+0000963 -0+0000381

« ELECTRON 3D 139
00001938 040002263
040005727 040006684
040016829 040019618
040049022 040057057
040140907 040163607
040396819 0.0459047
041083191 041246035
042820288 063215900
046839571 047703105

B7
061575741
02984600
045599203
10349973
1 «8699992
342621040
542923899
842107406

110344703

1242768804

102817384
56336491
16498494
041954402
0+0062064

-0.0001485

-0.0000291

-0+0000006

57
349488275
447412452
545777349
643506971
648529384
647443309
55782669
3.0110885

-0+6615882

=3.8179489

=38379483
0+0133959

37618034
32978606
049877062
040906675
0.0021998

=0.0000484

=-0.0000130
=0.0000008

57
0.0745692
0e1412330
0+2649214
0.4895380
0.8837668
145386042
245306377
38035255
49336474
449315370
246902140

=13355380

~440449367
=3e1352216
=049549329
=0e09267457
=00027675
=0.0000094

87
0.0002643
00007798
00022866
040066391
0.0189881
00530679
041431915
043663725
0.B8656116

01727055
03267517
06119297
11280988
240297904
35184076
57597720
Be6411714
113550061
1262127231
97217878
409395692
102955825
0e¢ 1310886
00032171
-040001409
-0+0000199

440571137
448597319
506956077
604454199
68844911
646532839
53007193
25332053
~12012649
-4¢0702955
=344846901
06944725
349736427
29635086
07585204
0.0578918
0+0011441
-0+0000495
-00000093
-00000005

00817294
01546188
02895201
045335330
09591054
16587208
246998523
349904197
50322133
47650815
241776786
=148945148
=441319242
~2¢B8070444
=0e7404262
~00629675
~0+0015120
0.0000022

0.0003085
00009098
0+0026645
0e0077227
040220273
0+0613056
01643763
04165916
09703864

041892647
043576519
046685585
12289752
27015828
3.7904858
601413914
940699391
116378111
1240754596
91094817
442734907
049979832
0+0855390
00015383
-040001210
-0.0000131

401672193
449790051
508119002
65340389
609025607
6¢5791744
449931164
240330395
=1e¢7252940
~442481638
=3e0479211
1e3559614
440822908
246073477
05682847
0¢01359563
0+0005621
-040N00448
-040N00065

000895652
0+1692383
03163015
0+5811921
10400585
1+7860416
248748331
41733321
Se1043553
4¢5481023
1e6292212
—244135238
—4+1354790
-2.4661939
-0e5609816
=0+0398990
-0+0008071

040003602
0«0010612
040031043
0+0089804
040255402
0.0707688
0s¢1884813
Oea728892
140851054



12101609
243782448
348244236
4,6301804
3.7687952
17597313
043755281
00276599
NeNNN4SNAB
-0,0000183
=N,0N000030
ATOM LA 11
146625190
240122943
243977282
247865407
341101556
342448650
3.0030454
241734438
0.6828018
=1.0800604
=24¢0255754
-140246116
141542307
144995506
-046964155
-148326142
=0.8536514
=0e1174251
=0+0043591
-0.0001134
-0+.0000037
ATOM LA 11
040237509
040451589
0.0852191
041589480
042911277
045183447
0.8828938
1.4020781
1.9881771
243242120
1.8524727
0.2686491
=1¢4614933
=1¢3195666
0.7281341
17622084
09065313
041537738
040076769
0.0001558
00000037
ATOM LA 11
0.0000643
0.0001902
0.0005599
0.0016356
0.0047218
040133855
040369034
0.0975085
0.2a15412
05426261
1.0514479
146245110
1.7285038

1.3458409 144923000 146495278
2.5810103 247891324 3.0005390
4,0083216 441758080 443228483
4,6208987 4.5729628 444357545
345130672 3.,2363496 2.9447403
144896606 142401719 140145825
042781164 042014000 041424746
040171254 040102824 040059755
0,0001990 0.0000730 040000139
-0.0000152 -0,0000121 =-0,0000094
=0,0000023 -0,0000017 =0,0000013
TERM  AVe ELECTRON 4S5 143
147097159 1.7578777 148069851
2.0656416 241196910 2.1743746
244541869 245106327 245669083
248389658 2.8898751 2.9389655
3.1446709 341749764 3.2005721
342384401 342237486 3.2001293
2.9248B71 2.8339792 2.7298122
149987144 1.8100029 1.6077962
044298144 041722099 =-0e0873569
~1.2978862 -1+4951944 =1.6676073
240147226 -1+9589936 -1.8576228
~047292157 =0+4120535 =0+0820981
1.3868246 1.5680919 1.6898732
142864182 140189563 047979150
~140136370 -1+2903769 -145167311
~147718890 -1.6682655 =145314726
~046944116 -045510830 -0e4264409
-040794162 -0+0522226 -040333964
~040025111 -0.0014426 =-0+0008347
~0.0000715 -0.0000452 -0.0000283
-0.0000021 -0+0000011
TERM  AV. ELECTRON 4P 143
0.0260434 0,0285541 040313035
040494739 0.0541925 0+0593510
040932340 041019772 0s1115106
041735270 041893696 02065731
043167786 043444808 043743640
045611035 0.6068139 0.6555847
0.9479807 140163411 1.0878865"
144860309 145711995 146569310
2.0625936 2.1309880 2.1317974
243202803 242977707 22549226
146901931 145033775 12931780
~0.0136787 —042957792 =-045710922
—145961873 -1.6835324 -1.7192752
~1.0942917 -048300363 -045355934
1.0084650 142536805 144559367
147171493 146330195 145174350
047543418 0.6137724 044881098
0.1082538 0.0742701 040496464
0.0045401 040026355 040015079
0.0000896 0.0000520 0,0000304
040000022 040000012
TERM  AV. ELECTRON 4D 150
0.0000751 0,0000877 040001024
0.0002220 0.0002591 040003023
0.0006529 0,0007612 00008874
0.0019046 0,0022174 0,0025809
040054867 040063732 0.0073998
0.0155030 040179448 0.0207580
040425266 0,0489622 0.0563174
041115093 041273449 0.1452166
042730352 043079923 043466568
046027005 0.6673164 047362896
141371624 142239470 143106001
146852521 147345209 147599682
1.6628022 145724073 1.4569428

148173154
32127762
4e4454452
443596854
2+6447382
08150000
0.0983629
00033522
=0«N000111
-040000072
=0+0000010
57
18570137
242296145
246228394
249859083
3.2209290
341669131
246119526
13928241
=043458759
=18108033
=1¢7110291
02505694
17460799
043661719
=16858575
=143718597
=0¢3215820
=-040207860
=0+0004909
-0.0000175

-7 4
040343136
0.0649887
041219007
0.2252402
044065597
07075115
11624740
17424555
242433410
241901447
10614910

=08325873

=147006986
=002211673
16096456
13787404
03792171
040323332
0.0008547
00000179

57
00001195
0.0003528
00010343
00030030
0.0085880
00239961
0+0647113
01653397
043892599
0.8097292
13957081
17892503
13166903

19952208
34230139
445297785
441962560
243429804
06423080
00662039
0.0018080
-0.0000195
-0.0000054
-0.0000007

149079334
242853223
246782335
340303479
32354901
361234311
204800625
11660857
=05999937
=19206473
-1¢5209578
05750582
17231165
0.0081126
-1¢7943143
=101996342
-0e.2361852
-0.0126120
=-00002951
-0.0000107

00376083
00711480
01332187
02454787
044412006
07626722
12398990
18268779
202838374
201020896
0eB8110127
-10729727
-16268660
0¢1020434
1¢7117634
12254262
02876682
00205214
0.0004828
0.0000106

00001396
0«0004115
00012053
00034921

040099623
00277195
00742754
0+1879416
04360113
08870191

14776460
17901092
11526551

2.18253417
36280651
46023571
349980704
240459579
0+4962397
00433912
00009307
-0.0000205
-0.0N00041

19597080
2434173978
2+7328782
30719009
3e2436716
3.0690227
243339204
0+928R746
-0+8460386
-1499137339)
-1e2905908
048800468
16502007
=-0e3511121
-1¢8421318
=1¢0242017
-0+1688438
-0+0074816
-0.0001813
-0+0000064

0«0412140
0.0778749
0+ 1455407
0+2674019
0+4784190
08211232
13198856
19091723
2e3114286
19897354
05452746
-142849478
-144987982
0ea223484
147618961
140655976
062129599
0.0127018
00002734
040000063

00001629
00004801
00014042
040040619
00115508
0¢0319964
00851549
042132601
0.4870887
09677995
1+5545852
17704628
0+9666094
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047611090 045394802 043057734 040646835 -041785686 =044183901 -046490093
~0e8647011 -1.40600381 -1,2301538 —-1¢3709972 -144795583 ~15540395 -145939532
~146001342 -1¢5746621 —-1¢5207125 ~1e4423344 =13441951 =142313071 -1+1087581
~0e9814624 -0.853944]1 -0¢7301612 =046133777 -0¢5060844 =044099745 -0e3259684
~042542B60 -041945546 -041459421 =041072985 -040772941 =00545409 -040376909
~040255068 -0s0169053 -040109776 =-0s0062895 -0+0043695 -0¢0026878 -0+40016320
-0,0009824 -0,0005897 —-0e0003555 =-0s0002169 =0+0001350 -0+0000862 -0+0000566
-040000382 -0+0000264 —-0s0000185 =0+40000131 =0+0000093 -0.0000065 -0+0000045
-0.0000031 -0,0000020 -040000012
~1+62431800+003 ~4,03487498+002 =4.02887272+002 -1471603156+002 =169673936+002
~1.66960044+002 -B8+42262421+001 -8411328956+001 =7.42557921+001 -3.483903492+001

0o 2 a4

3
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ITL Rk INTEGRALS PROGRAM

RKMAIN is a program that computes values of

k
r< dl‘l drz,
T

o0 00
k. - _
R%(i,j,L,m) = / / P;(r1)P;(r2)P p(r1)P, (r2) ey
o o Ty
where Pi(r) are the card output from HF on the usual logarithmic
radial mesh.

A. Data Input

1. Cardl. NWF, ATOM, TERM, Z, NRK in Format (I3, 2A6,
F3.0,+13),

2. Card 2. N(I), L(I) for I = 1, NWF in Format (20I3) NWF = 20;
therefore one or two cards of type 2 may be required.

3. NWF decks of type 3: TRM(I), EL(I), M, (P(1,J),J=1,M) in
Format (18X,A6,8X,A3,16/(7F11.7)).

These are decks of I—Di card output from HF.
4. NRK cards of type 4: I, J, L, M, K in Format (513).
Multiple runs may be stacked sequentially.

The output contains, in addition to the RK values in cm™!, an indication
of the amount of cancellation that has occurred in forming the integral. This
cancellation factor is defined here as the ratio of the true R value to that
of a pseudo "absolute" RX value calculated using the'modulus of each P.,
Thus, for a cancellation factor of 0.9, say, only 10% of the integral has
disappeared, whereas a factor of 0.1 means that 90% has disappeared and
hence the R™ value is far more sensitive to small changes in the I_Di's.
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B. Listing of Rk Program

PROGRPAM RKMAIN
ROUTINE FOR CALCULATING RK INTEGRALS
CDC 3600 VERSION ANL 1966
CANCELLATION FACTORS A LA B0B COwWAN INCLUDED
COMMON ATOMsTERMINWF ¢ ZsRHOWHINOIEL(20) sN(20) 4L (20)4S(20)¢AZ(20) 4
1D(20) «MAX(20) +DD(40) + IND(20)+E(20¢20)¢R(200)+RR(200)«R2(200)
? P(20+200)¢ INPs DUM(4200)s AP(20+200)
DIMENSION TRM(20)
RFAD (S42) NWFs ATOMs TERM, 7. NRK
FORMAT ( 1342A6+F3e0413)
IF(EOF +60) 20,421
CALL EXIT
WRITE (6+3) ATOMs TERM
FORMAT (1H1410Xes17HRK INTEGRALS FOR 2A6/39X 1 2HRK ¢ 16X«
1 7HMOD RK e 12X+ 12HCANCELLATION/)
=40625
NO = 200
RHO = =340
DO 4 J=14200
R(J)=EXP(PHO)/Z
RR(J)= R(J)I*R(J)
R2(J)= SQRT (R(J))
RHO = RHO + H
READ (5+¢5) (N(I)se L(I)s I=14NWF)
FORMAT (2013)
DO B8 I=1+NWF
READ (547) TRM(I)EL(I)eMs (P(Ied)eJd=1eM)
FORMAT (18X +sA6+8XsA3416/(7F11e7))
MAX(1)= M
CONTINUE
B0 12 I = 1s NWF
DO 13 'J = 1M
AP(14J) =, ABS(P(I4J))
CONT INUE '
CONTINUE
DO 10 KK=" 1+NRK
READ (545) ladelledJde K
ANS= RK(IeJellsJJeK)
ANS = 219474 .62%ANS

INP =1

CANS = RK(laeJeslledJeK)
CANS = 219474.62%CANS
IND = 0

CANF = ANS/CANS

WRITE(6611) KesEL(I)eEL(J)sELCIT) sEL(JJ) ¢ANS4CANS ¢ CANF
FORMAT (11X+s1HRsI141H( 2A341H42A344H) = 3F20.8)
GO TO 1

END
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13
10

FUNCTION RK(IsJellsdJdeK)
CALL YKF(1el1sK)
RK = QUADS(JsJJel)
QFETLIRN

I__Nr'\

SUBROUTINF ZK (I +JeK)
COMMON ATOMsTERMsNWF ¢« ZsNP sHeNOWEL(20) eN(20) +sL(20) 4D (540)4R(200)

1 RR(200)4R2(200)+P(204200) ¢ INPsY(204200)4YK(200)¢AP(204200)

RERESHEGT & L0-J) o B
FACT= (1¢/FLOAT(L(I)+1)+1e/FLOAT(L(J)+1))/(DEN+10)

IF LINP:EQLl). GO TO 9

RQY ) ] a2

YK(JJI) = RRIJII¥P(TeJJI)*¥P(JsJJ)/DEN*(1 e+ ZX*R(JIJ)RFACT)
C = EXP(=H) ‘

HI = H/3

A = C*¥K

AA = AxA

A = 4.%A

Fl = RRI1)¥P(141)#*P(Jsl)

F2 = RR(2)*¥P(1+2)%P(Js2)

DO 8 M = 34NO

F3 = RRI(M)¥P (] +M)*¥PTLJM)

YK(M) = YK(M=2)%AA + H3%(F3 + A¥F2 + AA¥F1)

Fl = Fa

FP = F3

GO TO 10

DO 1} JJ = 1,42

YK(JI)= RRIJIIXAP(T e JII*AP(JeJJ)/DEN*(1e+Z#R(JJ)#FACT)
C = EXP(=-H)

H3 = H/3«
A = CH*K
AA = A%A
A = 44%A
Fl = RRI1)#*AP(I141)*%AP(Jsl)

F2 = RR(2)*AP(142)%AP(Je2)

DO 13 M = 3, NO

FA = PRIM)*¥AP (1 sM)%AP( JeM)

YK(M) = YK(M=2)#%AA + H3#(F3 + A¥F2 + AA%F1)
Fl1 = F2

F2=F3

CONTINUE

RFTURN

FND
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SURPOUTINE YKF (14J4K)

COMMON ATOMs TERMINWF 4Z+ NPsHINOSEL(20) sN(20) sL(20) «C(6N) «MAX(27) ,
1DD(460) +R(200) sRR(200) sR2(200) +P(20+4200) s INPY (20420014 YK (207) 4

> AP(20,200)

CALL 7K (1¢0sk)

C = EXP (=MH)
A = 4.%#CH¥H(K+1) & AA= A%¥A/16.
C = 2%K+1
H3 = C¥M/3e
F1 = YK(NO) $ F2 =YK(NO=-1)
DO © MM = 23,NO
M = NO =MM4+1
F1 = yk(Mm)
YK (M) = VK(M+2)%AA + H3¥(F2 + A¥F2 + AA%F))
Fl1 = F?
F2 = F3

IF (1ABS(1~J) + K «NEs ©0) GO TO 10
MX = MAX(1)

IF (MX +«GFe NO) GO TO 13

MP = MX + 1

DO 14 M = MP,NO

YK(M) = 1.

A = (le = YK(MX))/FLOAT (MX)
PO 15 M = 1«MX

FM = M

YK(M) = YK(M) + A%FM

RETURN

END

FUNCTION QUADS(14JsKK)
COMMON DD (3)+Z+NP+HsNO+EN(40)s L(20)+DOD(60) sMAX(20) +DX(460) s
1R(200) +RR(200) +R2(200) +P(204200) + INP+Y (204200) s YK(200) s AP{204200)
BENIa LIt Ll J), # .3 )

H3 = H/1e5
CD=1e5%(1+2Z#R(1)#(1e/FLOAT(L(I)+1)+14/FLOAT(LIJ)I+1))/(DEN+14))

K = 2 - KiK

D = YK(1)¥P (14 1)#¥P(Js1)#R(]1)*%K*¥( CD/(DEN*H) +.5)

ND = MAXO (MAX(1)sMAX(J)) = 1

I 4L INP 4EQs 1) GO:TO 2

DO 1 M =24ND.2

MM = M4

D = D + 2e%YK(M)*P (] sM)RP(JeM)¥R (M) *¥K +YK(MM)¥P (] 4MM)*P(JsMM)*
| RIMM) **iK

G0 -TC & )

D =YK(1)%AP(141)%AP(Js1)#R(1)**K*(CD/(DEN*H)+45)

DO 2 M= 24.ND+2

MM = M+1

D=D+2+ *YK(M) ¥AP ([ «M) #¥AP (J4eM) ¥R (M) ¥ ¥ K+YK (MM) ¥AP ([ ¢ MM) ¥AP (J e MM)
1 * R(MM)*¥K

CONTINUF

QUANS = DxH?A

RF TURN

END
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C. Sample Data for RK

The example given here will read in five sets of P;'s. The ?irst
three are 3d, 4s, and 4p obtained from a solution for the configuration

3d4s4p of Scl. The last two are 3d and 4p obtained from

3d%4p of Scl.
k

The specified R* integrals output will be

R2(3d4p,3d4p) = F*(3d4p) of 3d4s4p,
R%(3d4p,3d4p) = F?(3d4p) of 3d%4p,
and the configuration interaction integrals,
R}(4s4p,4p3d),
R%(4s4p,3d4p),
and

R%(3d4s,3d3d).

Note that only the first two and last five cards of this

to be punched manually.

S8cs 1 Ela 8
i A o MR (< i T
ATOM SC 1 TERM AVe ELECTRON 3D 147 21
N0.0000121 00000142 0,0000165 040000193 0.0000225
NeNNON359 040000419 040000489 060000570 00000665
00001056 040001232 040001436 040001674 040001951
NeNN03NB6 040003594 040004184 040004870 040005667
040008913 040010358 040012033 0s40013973 00016219
040025296 040029305 0,0033931 040039264 040045406
D0e0N69935 040080643 060092913 040106957 040123011
Ne0186006 040213026 040243681 060278396 040317636
D0e¢0467710 0+0530438 0.0600560 00678746 00765683
041086026 041214953 041356040 01509863 041676926
042260995 042483780 062720429 042970531 043233447
044088825 044391327 064699335 045010459 05321973
066226744 046506230 066767982 047007781 047221404
067665629 067736861 067765473 07750075 047690148
067251426 047025809 066765761 06475250 046158605
0e5097867 064722874 064344746 063967782 043596053
042548609 002232374 061936711 Ne1663370 041413560
Ne0B09B25 00656019 040524273 060413054 040320579
NeN135827 040098427 060069945 040048695 040033176
D0e0N09125 040005648 040003405 040002000 0.0001143
NeNNON182 0.00N00094 040000047 040000023 0.0000011
ATOM SC 1 TERM AVe ELECTRON 4S 1\s2 a1
02269389 042333831 002399594 042466652 02534971
N0e2747057 062819934 042893779 042968501 063043995
063273849 063351084 043428329 043505374 03581985
0438065123 043878550 043948591 044016235 044081044
044253569 064301960 044344791 04381404 0e4411103
044451250 044445669 044429219 044401039 044360262
Ned153749 0+4054094 043937759 043804079 03652484

a solution for

example input have

0.0000263
0«0000776
0.0002274
00006592
Oe.0O018818
00052475
00141337
040361903
00862075
041857633
0.3508288
05630823
0e7404745
07586075
05820379
03233357
01188034
00244902
0.0022098
0.0000636
00000005

02604513
0e3120144
03657905
04142547
04433159
044306021
03482522

00000307
040000905
040002649
040007666
0.0021823
040060602
0e0162228
00411735
00968624
02052274
03793896
05933636
0¢7553965
0¢7439132
0e5465240
0+2883171
00986896
0.018399%96
00014376
00000345
0+0000000

0e2675227
0e3196812
043732851
04200237
044446806
04237461
0.3293882



NeNBKAPN

Ne?RENIRRE

Ne?2615462

Ne2752776

De?”20772%4a

Ne1777094a

De146KAK95

Ne1143581 NeNBNG9ET NeN4ERLEB 240122105 =040225700 -0e0571135 -00910023
=Ne1237863 =Ne1549887 -Ne1841128 -042106513 -02340963 -02539523 —0e2597488
=Ne2B1NS55 =0e2874976 =Ne2BB7710 =Ne2846579 042750412 -0e2599176 -0e279an80
=De21276€1 =041833834 -041487702 -0s1106528 =-00697657 -0+0270394 0e016=180

NeN598236 041017484 041411508 01769144 042079881 02334276 062524356

Ne2643972 02689101 062658030 02551452 042372429 042126236 041820099

001462852 001064535 040635979 040188391 =-040267024 =0+0719383 -041158425
=001574673 =041959649 ~0¢2305376 =0e2607480 =0.2B859266 =-0e2057782 -0e3200874
=Ne22B7816 =0¢2319321 =043297521 =043225901 =0¢2109185 =0e2953171 =-0e2764516
=N0e2550473 =0e2318603 ~042076469 =0e¢1821335 -0+1589884 =0e1357985 -0e1140501
=NeN941177 -040762586 -040606146 ~0e0472201 -0e0360157 -0+0268649 -0+0195742
=NeN139132 =N0e0096342 -040NEABIT =0e0042460 -0e0026939 -0.0016547 =-0.0009823
=NeNNNSE2E =0,7003103 -0e4NDN1645 ~0,0000837 =0.N000408 =0,00001590 =0,0NNONBS
=NeNNNNNTE =NegDNNDN14 =0eNONO0NS NgNONNAND  0eNONONNN
ATOM SC 1 TERM AVe ELECTRON apP 158 21

NeNN20020 0640021952 0+0024069 00026386 0.0028924 00031701 0e003a741

0eNN3R0E7 060041704 0e0045683 00050032 0+0054785 00059978 00065650

NeNO71843 00078602 0s0085976 00094017 0s0102781 00112328 040122724

0eN134036 040146340 060159712 060174235 060169997 060207090 040225612

0eNP245663 060267348 060290778 0.0315065 0603473223 040372671 0.0404225

040438103 040474419 04051325 00554806 0s0599077 0+0646185 0e0696200

NeNT749174 NeNBNOS]136 0e0R6409Q0 Ne 0926007 0.N9350819 NDe1058417 Oe112R642

0641201278 041276046 041352599 041430513 041509280 0e1588304 041666895

Ne1744265 0641819525 061891684 061959653 042022247 042078193 0e2126144

002164692 042192390 062207777 042209406 042195879 042165889 042118256

02051978 061966273 001860628 061734846 041589087 001423906 041240292

041039686 040824000 0640595627 060357430 00112721 =0e0134768 -0+038094A8
=N0e0621436 =-040851655 -0e1066942 =041262681 =0e1434447 =0e1578167 =-0e1690269
-0es1767834 =041808724 -0e1811676 =-0e1776361 -0e1703397 =041594313 =-0s1451473
~0e1277966 =0e1077466 -0.0854087 =040612239 -0+0356486 -0+0091440 0.0178334

040448389 060714438 040972394 041218392 041448817 041660329 041849907

Ne2014886 042153018 042262523 042342146 042391208 042409643 062398021

042357553 042290075 042198009 0.2084302 041952350 061805897 041648920

Ne14B5502 041319695 061155381 060996132 00845092 040704866 060577447

Ne0464152 040365656 040281980 040212584 040156460 040112249 040078374

NeNNS3165 0,0034974 0,0022268 040013694 040008115 040004624 040002526

NaNNN1320 NNNNNAKASA 0.0000312 0«0000140 0. N000059 00000024 Oe«NNNNNOQ

NgNNDNDND =N NDNONON =N 000N0NN =0 00NNNON
ATOM SC 1 TERM AVve ELECTRON 13D 151 21

NeNN0N1ING 0,0000121 040000142 00000166 040000193 040000226 0+0000264

NeNNON3NA 00000359 0.N000419 040000489 0.N000571 00000666 040000777

0eNNONGNE 0,0001057 040001232 0+0001436 0.0001674 060001951 040002273

NeNN02647 0.0003083 040003590 040004178 00004862 040005656 0+0006577

Ne0N07646 0,0008886 0,0010323 00011988 0+0013915 0.0016145 0.0018723

040021702 040025142 040029111 060033686 040038956 0.0045021 040051993

NeNNE0001 0D40069188 040079715 060091765 040105538 00121262 040139186

NeN159586 00182770 040209072 00238858 040272527 040310509 040353268

NeN401299 040455125 060515297 040582391 00656999 060739722 040R71168

NeN931934 0,1042600 041163713 01295772 061439213 0Ne1594390 0Ne1761558

Ne1940853 042132273 042335660 02550678 02776802 043013295 063259194

043513298 043774153 044040039 064308971 044578606 004846649 045110066

045365903 045610921 045841729 046054851 046246816 046414262 046554048

046663385 0.6739950 0+6782003 06788466 046758909 046693964 06594510

046462417 046300054 046110255 065896193 065661247 065408876 065142512

044865471 04580887 044291672 044000497 043709794 003421764 03138406

042861536 042592812 062333754 042085749 01850057 061627799 061419942

041227274 041050383 040889632 040745141 040616775 060504146 004066273

0¢0323358 060253315 040195314 00148077 040110278 040080589 0.0057726

0.00a0482 00027761 040018594 040012147 040007731 00004788 040002882

NeN"N01684 0.,0000954 0,0000524 0,0000278 00000143 0,0000071 0.0NNON34

N,0NNNN1E 040000007 0,0000000 0,0000n00
ATOM SC 1 TERM AVe ELECTRON aP 160 21

D4NN14929 040016370 040017949 0.0019677 0.0021569 0+0023640 0.0025907

0.,0028387 040031100 040034066 00037310 00040854 00044727 00048957

0.0053575 040058615 040064114 0.NO70110 00076646 0.0083766 060091518

040099954 040109129 040119101 040129931 0.0141685 0.0154432 0s0168244

00183197 0s0199368 040216841 040235698 00256025 0+0277911 060301442

040326706 0+0353788 040382772 0.0413736 040446752 0.0481883 0e0=19183
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0.0558689
0.03895875
Ne 1300951
Ne1615008
Ne1532457
Ne0780643
=NeN455753
=0e1321741
=041000709
00229396
0e1459411
0.2008540
0e1598416
NeNEB4T795
NeN119453
N.N005287
NeNNNNN2ZE

- e -
Vwwa
PN IS

PP LW

0.0600424
040951643
Des13ETI18
0.1635800
Ce1468885
CeN620324
-0s0627714
-001356217
-0.0860197
0.0424774
041591336
042007658
01477669
0« 0568720
0.0084388
0.0002912
0.N000011

NN =nmniv

040644391
041008745
061410981
0e1647432
041390480
0.0450528
-04(1788855
-041363179
-040702905
040617076
01707388
041985957
041348476
04N463370
0.0057895
00001533
Ne NNNNO0AG

00690568
01066865
Del1461728
0e1648830
01297094
040273370
-0¢0935803
=-0e1342411
-040531855
040804064
041806226
Ne1943963
041213935
N0e 0369943
040038500
00000769
=040000N00

00738906
061125625
041508479
01638953
0+1188845
040091291
-0e1065331
-0e1294379
=0.0350121
0.0983661
O+ 1886655
0.1882618
01077236
0.0289050
0en024768
0.N000367
=NeNOOOOON

IV. MULTIPOLE INTEGRALS

00789322
0e 1184580
015507285
Ne1616827
0e 1066144
-040092963
-0e1174477
-0e1220198
-0¢0160740
01153936
01947667
01803301
040941536
00220726
0+0015381
0+0000165
=NeNNNOOOD

0e0841698
0s17243218
De1586144
0e1581578
00029722
-040276383
-0e1260649
-0e1121573
040033358
0+1313083
01988471
0+1707825
00809825
040164495
040009200
040000070

Two programs are given in this section, each using a different
type of radial mesh, to calculate multipole integrals defined as

(i *j) =

0

oo

Pi(r)lf’j(r)rk ar,

A. Logarithmic Mesh

HFRPOL computes multipole integrals for wavefunctions using
a logarithmic radial mesh such as those output by the HF program.

13

and cancellation factors defined as the ratio of these.

Data Input

a.
b.

C.

These are decks of I_:’i card output from HF.

d.

NK cards of type 4:

I, J, K in Format (313).

Multiple runs may be stacked sequentially.

Card 1. NWF, NK, ATOM, Z in Format (213, A6, F3.0).
Card 2. NWF values of IL(I) in Format (2013).

NWEF decks of card type 3: EL(I), M, (P(1,J),J=1,M) in
Format (32X, A3, 16 /(7TF 11.7)).

The output contains values of multipole integrals, together
with pseudo "absolute" values calculated using the modulus of each P;
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10
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2. Listing of HFRPOL

PROGRAM HFRPOL

DIMENSION R(200)4P(20+200)+L(20)+EL(20)4MAX(20) +AP(204200)
COMMON R4PsL+ELIMAXsHI4Z AP

H = 40625
RHO = =3,0
HA = H/1:5

READ 2+NWF +NK+ATOM,2Z
FORMAT (2134A64F340)
IF (EOF+60) 30431
CALL EXIT
PRINT 134ATOMeZ
FORMAT (1H1 ¢ *INTEGRALS FOR*42X+A6+42X e #* ATOMIC NUMBER#*FS5e0//)
DO 48 1=1.200
R(1) = EXP(RHO)/Z
RHO = RHO +H
RHO = =340
READ 494+ (L(I)elI=1sNWF)
FORMAT (2013)
DO 8 I = 1+NWF
READ 7. EL(I) eMe(P(TaJd)e J=1eM)
FORMAT ( 32XsA3416/(7F1167))
MAX(1) = M
DO S0 I1=1+NWF
M = MAX(1)
DO S1 J=1«M
AP(14J) = ABS(P(I4J))
CONTINUVE
CONTINUE
DO 10 I = 1lpNK
READ SslleddsM »
FORMAT(313)
ANS = QUADRI(ITsJJeM)
ABANS = ARQDR(ITesJJeM)
CANS = ANS/ABANS
PRINT 12+EL(11)4EL(JJ) sMsANS + ABANSs CANS
FORMAT (1HOs 70X ¢3HABS o+ 6Xs *CANCELLATION#*,/
1 SX ¢ *¥THE INTEGRAL OF P(%#A346H) * P(A3+8H) * R**(12
2 SH) = o+ 3Fl446 /)
GO TO 1
END
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FUNCTION QUADR(T4JsKK)
DIMENSION R(200) +P(204200) sL(20)+EL(20)¢sMAX(20)
COMMON RsPsL+ELIMAXIH34Z +AP
iK'= Kif +v2
PEN = LU L) e 1 s
FACT= (1e/FLOAT(L(I)+1)+1e¢/FLOAT(L(J)+1))/(DEN+14)
D = P(le1)¥P(Je1)*¥R(1) ¥*K*( (1e+Z%R(1)*FACT) /(DEN*H3)+e5)
M = MINO(MAX(I)sMAX(J))
DO 1 JJ = 2:Ms2
JP = JdJ 4+ 1
B Dk 2.*9(I|JJ)*P(J0JJ)*Q(JJ)**K+P(10JP)*P(J0J°)*Q(JP)**K
QUADR = D#¥*H3
RETURN
END

FUNCTION ABQDR(IsJesKK)

DIMENSION R(200)+P(20+4200)sL (20)+EL(20)+sMAX(20)+AP(204+200)
COMMON RePsL+EL«MAXIH34Z +AP

K =22KK. .+ 2

DEN = L{L) + LIJY + 1 %+ K

FACT= (1e/FLOAT(L(I)+1)+1e/FLOAT(L(J)+1))/(DEN+1e)

D=AP (141 )%AP(Je 1) *¥R( 1) *¥*¥K*((1e+Z%¥R(1)*FACT)/(DEN¥H3)+45)

M = MINO(MAX(I) MAX(J))

DO 1 JJ = 2«Me2

JP =2 JJ + 1

1 D=D+4+2¢ *¥AP (14 JU) ¥ AP (Js JI)¥R(JJ) ¥ ¥K+AP (1 ¢+ JP) ¥AP (J ¢ JP) ¥R (JP ) ¥ *K
ABQDR = D#H3
RETURN
END

3. Sample Data for HFRPOL

For the example given here, three sets of }—Di's will be read
in. The first set is a 5p function obtained from the solution of the con-
figuration 4f° of Eu IV. The second and third sets are the 5p and 6p
functions obtained from the solution of the core-excited configuration
5p°4f%6p of Eu IV.

13

The output specified will calculate

(5p|r*|ép)
the 5p being that from the 4f° solution,
(5p|x~*6p)

and

(5p| r*|6p)
the 5p being that from the 5p°4f%p solution.
(5p|x~*|6p)

Note that only the first two and last four cards of this example input have
to be punched manually.



3 4 FU IV 63
I RO
ATOM EU IV TERM AV, ELECTRON Sp 151 63
040101395 060111181 040121900 040133637 0e0146487 0.0160553 060175945
0+0192786 040211207 040231351 00253372 00277439 040303723 040332449
040363801 040398015 060435339 0.0476035 0.0520388 0+0568701 0.0621300
040678530 040740762 040808385 0.0881817 040961493 01047874 Osl114l1a4da
001242703 041352174 061470394 041597915 061735296 041883101 042041891
062212216 042394609 042589569 02797553 063018961 043254116 043502244
063766457 064043721 044334833 044639390 064956752 05286010 05625945
045974990 046331189 06692153 047055021 047416424 047772448 048118609
048449834 0.8760454 049044215 049294304 09503400 09663752 049767289
049805761 049770921 049654744 049449692 049149012 048747077 048239756
047624808 046902284 046074929 005148559 044132384 042039266 041885866
040692665 -040516190 -061713222 -0+2868183 =0e3948842 -0+4921999 -0+5754725
=0e6415778 =046877152 ~0e7115693 -047114672 =046865237 -0+6367632 -045632072
=Ne4679203 -043540047 -0e2255393 =0s0874595 040546240 061946626 043264574
044439819 045417214 046150036 0e6602906 046754043 046596612 046129032
045404186 044427698 043255442 041940565 040540322 =0+0887056 =042285267
~043602488 =044793520 -0e5821451 -046658841 =047288265 -0+7702924 =-04790%204
=047906743 =047726542 =047389413 =045924130 -046361566 =0+5732932 -0.5068220
~044394908 -043736964 -043114153 =02541649 =042029921 =-0415848%2 -041208335
~0s0B98447 =0.0650596 -040458126 ~040313184 =00207484 =0.0132958 =-0.0082243
=040048999 =0+0028052 -0+0015394 =040008075 =0+0004038 =0+0001919 =-0.0000864
=Ns0000367 =0+40000147 =-040000055 =040000019
ATOM EU IV TERM AVe. ELECTRON SP 150 63
040105063 040115204 040126311 040138472 0e0151787 0.0166362 040182311
0e0199762 040218849 060239722 040262540 00287478 0.0314723 040744479
040376964 0,0412417 040451091 040493260 0e0539217 0.0582272 040643781
040703082 040767565 0s0837636 040913724 0e0996283 0¢1085790 041182745
041287668 041401100 061523598 041655733 041798085 0.1951278 042115772
042292262 0.2481254 042683268 02898778 043128197 043371860 043670002
063902739 0.4190035 0s4451681 044807257 045136102 045477272 045829507
0¢6191181 06560267 046934290 047310286 047634763 048053667 048412350
048755557 069077412 069371436 049630567 049847222 140013369 140120643
160160497 140124385 1,0003993 049791508 0.9479935 069063443 0485237752
0+7900540 067151860 0.6294560 045334665 04281720 062149054 041953933
040717579 -0,0534983 -0s1775283 =0+2971975 =0+4091662 =0¢5099943 =0e5962696
~0:6647549 =0.7125489 -047372524 =047371329 =07112741 =-046597021 -045834769
~044847394 -043667059 -0¢2336049 =-040905522 040566367 02016929 03381920
0,4598892 045610708 046368971 046837052 046992422 046828102 046752874
0+5590586 0,4578301 043363731 062002155 060553132 =040922742 -0¢2766851
=0¢3725207 -0+4950678 -046004736 =0¢6858704 =0e7494467 =0+7904674 -048092134
~04B069306 -047856509 —-0s~480418 =046972089 =0¢§364970 =0+5692959 -044088647
~0,4281793 =043598130 -042958500 =042378369 =0e1867714 =0+1431270 =-041069103
~040777431 =0,0549612 =040377189 =0¢0250880 =0¢0161439 =040100309 -0+0060049
~0+0034549 -0¢0019048 =-0s0010028 =0¢0005018 =0.0002370 =0+0001046 -0+0000424
-N0s0000152 -0,0000044 -0.0000008
ATOM EU IV TERM  AV. ELECTRON 6P 161 63
0e0N40485 0.0044393 0.0048672 0400532359 0sN058489 040064106 040070251
0.0076976 0+0084331 060092374 040101167 0.0110776 00121274 040172741
Ne014526@ 0.,0158920 040173822 040190071 040207781 060227071 040248073
040270922 040295771 040322772 040352091 040383904 040418394 0.0455754
0.0496185 0.0539894 0,0587096 040638011 0.0692864 0.0751878 0.0215272
00883283 00956107 041033947 041116987 041205386 001299272 01798737
041503823 041614518 041730740 001852327 061979023 042110465 02246165
042385497 042527677 042671752 042816577 042960805 043102871 023240983
0¢3373113 043496994 043610126 043709784 03793043 043856804 03897840
063912853 043898547 003851714 043769344 043648738 043487651 07284436
043038206 0.2748991 042417903 042047282 0e1640834 001203728 060742659
040265853 -0.0216990 -040694833 =0¢1155528 =061526129 =-041973306 -02202838
~042565188 =042746131 =D¢2837402 =0+2832340 =042727473 =-0.2523017 =0422223236
=041836632 =0.1375931 -0,0857839 =-0+0302556 0.0266958 040825952 01749063
041811647 042191183 0,2468648 042629748 062665872 0e2574695 042260235
042033091 041608766 041107684 040553500 =00028092 -0.0610658 =041168251
=041676537 =062113782 -042461696 =0¢2706095 =0+2837388 -0.2350873% -0e2746610
=042529583 =0¢2208973 -041797779 -0e1312128 =0+0770555 -0+0193261 00298620
0.0983745 041541286 047051672 042497342 062863517 03138934 043316498
043393776 043373222 043262102 043072052 042818272 02518404 042191196
041855075 041526793 041220298 040945951 040710172 040515532 040361225
040243833 040158230 040098488 040058656 0.0033338 00018032 040009253

! 0.0004491 0.0002054 040000882 00000354 00000132 0+0000046 040000015
I P
S =3
g = 2
£ 3=3
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B. Linear Mesh

HFSRPOL computes multipole integrals for wavefunctions using
a Herman and Skillman type radial mesh.®> Also, if I = J, it computes
the screening number o.

1. Data Input

a. Card 1. NWF, NK, Z in Format (215, F5.0).
b. Card 2. Any suitable title in Format (9A8).

c. NWF decks of type 3: N(I), L(I), M, (P(1,J),J=1,M) in
Format (1X, 12, 11, 31X, 15/(6F 13.7)).

These are decks of P; card output from Herman and
Skillman program.

d. NK cards of type 4: I, J, K in Format (315).
Multiple runs may be stacked sequentially.

2; Listing of HFSRPOL

PROGRAM HFSRPOL
DIMENSION PNL(25+521)4R(521)¢RS(521)4N(25) 4L (25) +NPTS(25) s
1HEAD(9) +A(6)
DATA (A = 1HSs1HPs1HDs 1HF 4 1HG 1HH)
1000 READ 100+NORBITSs«NINTGRLSsZ+HEAD

100 FORMAT(2154F540/9A8)
IF (EOF+60) 20421
20 CALL EXIT
21 PRINT 200+HEAD
200 FORMAT(1H149A8//)
LIMIT = 0.0
DO 1 I = 1+NORBITS
READ 101 4NCI)sL(I)4MPTo(PNL(IsJ)s J=1sNPT)
101 FORMAT(1Xs12411431Xs15/(6F1367))
NPTS(I) = NPT
1 LIMIT = MAXO(LIMITWMPTS(1))

on

GENERATE R ARRAY

RINCR = 0488534138 # Z¥%(-14/3s) * 040025
H = 0s5 * RINCP

R(1) = 040

NBLKS = LIMIT/40

MIN = =38
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DO 3 INDX = 1sNBLKS

MIN = MIN + 40

MAX = MIN + 39

H 2 2 % H

DO 3 K = MINJMAX
3 R(K) = R(K=1) + H

COMPUTE INTFGRALS

DO 4 INDX = 14NINTGRLS
READ 1024114124NXP
102 FORMAT (315)
LIMIT = MINO(NPTS(I11)+NPTS(12))
IF (NXP «EQe 1) GO TO 6
IF (NXP +EQe¢ 0) GO TO 13
DO 5 J = 1.LIMIT
RS(J) = R(J)
5 R(J) = R(J)*%NXP
GO TO 6
3000 18 J = 4LIMIT
RS(J) = R(J)
12 R(J) = 140
6 NBLKS = LIMIT/40
J = =4
H = 0e5 * RINCR
RINT = 0.0
DOT7 11 s 1¢NBLKS
M = 260 % H
SUM = 060
DO 8 NC = 1.8
g R R
8 SUM = SUM + 19e¢%(RIJI*PNLII1J)I*PNL(120J) + RIJ+SIHONL(I]1eJ+5) %
IPNL(I20¢J+5)) + 7Se*#(R(J+1IHPNLIIJ e J+1)I*¥PNL(120J+1) + R(JI+4) %
2PNL(I14J+4)*¥PNL(I24J+4)) + SOe®*(RIJ+2)*PNL( 110 U+2)%ONL(1240+2) +
3RIJ+I)¥PNL(I1eJ+3)*¥PNL(12¢J+3))
7 RINT = RINT + H*SUM
RINT = S.*RINT/288.

IF (NXP 4EQe 1) GO TO 10
DO-9 JJ = 1+.LIMIT
BeRUJI) = RST JJ)
10 IF (11 eNEe 12) GO TO 11
RH = 0e5 % (3e¢*N(I1)®N(I1) = LOI1)*L(I1) = L(I1))
SIGMA = Z = RH/RINT
KK = L(I1) +°1
PRINT 201 «N(11)+sA(KK) ¢NXPsRINTsSIGMA
201 FORMAT(1HO+SX+*INTEGRAL OF P(*12+A1412H) *%2 * RE*(e124%) IS *
1F16¢7/10X e+ *SIGMA IS ®#sF16:77)
GO TO 4
T Rl = LUITY %
KE s LUT23 % 1
PRINT 202«N(I11)sA(K1)«N(I2)sA(K2)INXP+RINT
202 FORMAT(1HO«SX¢*INTEGRAL OF D(*[2+A1¢6H) * P(I2+A148H) * R¥X(]2+%)
1 18 %+ FESsTR)
a CONTINUE
GO TO 1000

—



54

a3

Sample Data for HFSRPOL

The two sets of P;'s to be read in are the 5f and 6d functions
obtained from the 5f6d? configuration of Th IL

The output specified will calculate

(5f|r|5f) and oy,

(5f|x|64d),

and

(6d|r|6d) and O.q-

Note that only the first two and last four cards of this example input have
to be punched manually.

115583189623 S0

2 3 90.
TH I1 SF/6D2 SCREENING ++ DIPOLE INTEGRAL
531 3 ~142060613 1 401
0.0000000 0.0000000 0. 0000000 00000001
0.0000008 0.0000015 0.0000026 00000041
0.0000125 00000170 0.0000226 00000295
0.0000593 0.0000728 0.0000884 00001063
0.0001756 00002045 0.0002367 00002723
0,0004020 040004535 0.0005095 00005701
0.0007822 0.0008637 00009508 040010439
0.0016048 00018775 0.0021801 00025141
0,0037180 0.0041912 040047024 00052527
0.0071498 0,0078675 00086294 040094363
0.0121344 0.,0131283 0.0141706 040152615
0.,0188305 00201199 040214596 040228496
0.0273224 0.0289143 040305566 040322490
0.0376253 0.0395161 040414558 00454800
0.0586764 040634346 0.0683639 00734582
00896695 0.0953602 0e.1011827 01071296
0.1256414 041320101 041384649 0+ 1449980
0.1649891 01717574 0.1785652 01854050
0,2060419 0.2129358 002198255 02267040
042472066 042539753 042607009 02673777
0.2870592 02998366 043122934 03243936
043582405 0.3686141 03784949 03878640
044127462 044199256 044265331 04325629
044471555 044508516 044539661 04565023
04606917 044609703 044607030 044598988
0.4543643 044515148 0e4481820 004443779
044302624 0.4246988 0.4187276 04123619
0.3750792 0.3578658 043394928 03200607
0.2563692 0.2336438 0.2103137 0e«1864588
N0.1124878 040872571 040618444 00363070
-0,0405313 -0.0660624 -040914819 =0e¢1167521
-0.1913296 =0.2156786 -0+2397289 =0e2634578
-0.3325188 =0e3547741 -0e3766231 =0e3980538
=0.4597364 =-044794011 -044986073 =0¢5356270
-0+6353963 -0e6648914 =046925329 =0¢7183499
-0.7852395 =048041689 -0+8215008 =0+8372905
=048759829 -0.8861838 =-048951346 =09028937

00000002
040000062
040000378
040001267
00003116
040006357
040011430
0.0028808
040058434
0.0102889
040164016
040242900
00339914
040496943
0.0787117
0¢1131934
041516016
041922693
02335647
02740000
043361045
043967046
04380112
04584647
044585673
0+4401148
044056150
0+2996670
041621553
040106989
-041418379
-0e2868446
-044190554
-045707705
-0e7423701
-08515952
-0+9095187

0+0000004
00000089
00000477
00001497
0.0003548
0.0007063
040013605
0.0032817
040064754
0.0111881
00175912
0.0257810
00357836
0+0540946
00841176
061193665
041582679
041991507
0+2404010
0.2805623
0+3473958
04050026
04428756
044598590
044567189
04354054
03910304
0+2784061
041374755
-0.0149296
=04¢1667069
=0¢3098705
=0e¢4396190
-0+6040266
=0e7646592
=0e8644730
=0e9150662



=-0,9195916
=-N.9282048
=Ne.9122782
=N.B8BNNE28
=0e7894193
-N.6866221
=Ne5R60B34
=0e4942452
=Ne4134914
=Ne344121N0
=Ne268N0314
=Ne 1823411
=Ny 125=014
=N,NB6SE69
=N,N6N1407
=-N,041992n
=N,0293957
=-N.0162652
=N040079965
=-N,0039204
=-N,0019140
=Ne0N009300
=040004427
=Ne0N02164
=-Ne000N494
=Na0000111
=N.0N0NN25
=0,0000008
=0,0000001
=NeNNNONNND
621 2
N.000000N
0.0000714
0.0005225
N.C016144
N,003504]
N,0062677
N,0099201
N,0161132
0,0278775
0.0418802
0.0571907
0.0728838
0.0881192
N.1021829
041215328
0.1360119
0.139R301
Ne1332089
001173545
N.0N094N0309
0.0652358
=-Ne 0009045
-0,0672473
-0e1240439
=-0es1657221
-0.1900946
-041973670
=0.1835458
=0e1251350
=NeN4a11011
N.0499952
041350574
N.2061167
Ne,2592042
03054295

=049221490
=049270040
=049072493
=0+8668021
=0e7726006
~0e6694644
-045700720
=0644799900
=044011500
=0¢33326242
~Ce2216%61
=0e1720n758
=-Ne1178879
=NeNB14272
=-Ne NS6AINE

=0e4N395639 =0,0372777
=-NeN277037 =-040261100
=0e0144512 -0.0128393
~0.0071025 =040063079
=Ne0034799 -0.0030886
=0.0016976 =040013055
=-0,0008242 -0.0007303
-0.000398e2 -0,00035256
-Ne00N1694 -0.0001325
-N.00Nn0N386 -0.00003021
-0,00N00087 =0.0000067
=N.00n0N1Q =-0.,0000015
-0.0000004 =Ces 0000002
-0,00000C =0Ue0NN0CO1
=NeNONONNDO -0e DNNNONC
=0+7408393 2 441
N0.N0NN0O04 0.0000028
00001117 0.0001642
0.0006546 040008057
0.0018710 0.0021504
0.,0039029 0.00a3263
0,0068151 040073871
0.C1N6136 040113307
0.0178816 040197319
0.,0300802 0.0323412
0.0443667 040468851
0.0598037 040624230
00754758 0.0780512
0.0905618 040929685
041043707 041065075
0.1246547 0e1275019
0.1373982 D.1384838
0.13942R6 01387391
0.1311650 D+.1288708
01139334 Vel1103134
00895567 0.0849400
00547707 00429928
=0eN122654 =-040235685
=060775755 -0e0875957

=0+1321358
-0+1710048
-0e1924623
-0e1970216
-0e1765137
=0e11234482
=-0.0259858
ND.0648648
0e.1480230
02162729
0.2661919
030862473

=0e9257912
=0.9251692
-049030046
-0e8525153
-047555641
=046524257
=0e5543269
=044660510
=0e2891247
-De¢2234198
=Ve2362466
=0e1615110
=0e1107664
~0.0766162
=0405722384

-041397845
-0e1757989
-0e1943577
=0e1962578
-041682590
-0.0983427
-0.0107586
00795093
041605659
De?2259141
Oe272R444
043093569

=0e2275633
=0e92227411
=0eR977746
=0e2376437
=0e7382852
=0e¢6255403
=0¢5388617
=0e4524308
=Ce3774128
+=0e313%025
=-002217560
-0 1516076
=0e1041042
=-0eC721022
=N« 0502332
=-0+0351 257
=0e0231942
=0+011406%
=-0+0056017
=0e0027409
=-0¢0013350
=0¢0006471
=-0.0003121
=-00001026
=00001n235
=0¢000Nn0S2
=-0e000N012
-00000003
=00009C01
=0N«000N0NO

-09285326
~09197588
=0.8921891
=08220477
=0e7211208
-0.6188381
=0e¢5236873
=0¢4391308
=0e¢2660103
=0¢3038671
-0e2081281
=-NDe14273297
=0.0978607
-0e 0678651
=-Ne047310F
=04032099A8
=040206057
=-00101338
=-040049740
=040024320C
=0¢0011836
=040005732
=040002763
=0+.0000810
=-0.0000183
=0.0000041
-00000009
=Ce02000C02
=00080000
=0eN0OCAOD

299646994403 [0

N«0000093
0«0002304
00009764
00024531
De«004a7744
0¢72079R38
00120712
NeQ21£604
040346560
00434310
00650446
00806066
00953367
01106198
0e1300668
01392685
01377656
0e 1267344
01065038
0«0801902
00329713
=0e0347633
=0e0972779
-0e1469771
=-0¢1801035
=01957875
=0e1950867
-0e1588854
-0.08503%4
0e0C45134
00938271
Ne 1726645
02350327
02832521
030959077

0+0000218
0«0003114
00011677
00027794
0.0052474
00086050
00128248
00236535
00370204
00520001
0«0676544
00831386
009766235
De1145038
01323432
01397531
01365156
012356738
001025129
0e0753167
00217727
=-0045R030
=0 1065954
=001537020
=0+1839193
-01967597
=0¢1935201
=0¢1485080
=0407070602
0e0197677
01079501
0¢1342997
Ne243£230
De?29213547
02073547

-0e22R07232
=0e2152593
-0e8862726
=0e80592341
=0+7028552
=0e602345]1
=-0.5088128
=0.4261512
=0e¢3%49150
=Ne2R=a 167=
-0e 1253477
-Tel 2K/3TE
=NeNOPN2ZRNA
-NeNGIRBART
=NeNas=74=
=0eN311922
=NeN1R2070
=00090022
=0e0044162
=0.0021576
-0e0N1 0492
=-0.7005077
=NeN0N2447
=-0+00006372
=-NeNNONN147
-NeNNDONDI2
=NeNNON0OT
—ﬂ.’j']!‘.hﬁoz
=CeN0NN00O0O

0eND00419
0«NND040O8BS
0.0013802
00021296
0eN0=745]
0e0092505
DeN124299
0eN?257372
0eN394209
0e.05asB88]
0.07027883
0e0886478
0.0°99464
Del1181456
NDe172a2261
01799394
01749952
041205675
NDeNORIFI]
De.n7022218
00104607
~NeN=REEATD
=0e11552a4
=041599521
=0187248%5
-0.1972830
-041892492
=0e1372227
=0e05607321
0eN749467
0e1216978
0.+1954551
042715209
0e¢2N0O29=0
0e707613%
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0.2983634

0.2403875

0.1508386

0.0457334
-0,0633139
-041686470
-Ne3518645
-N.4886435
-N.5797651
-0.6321674
-0.6543247
-0.6541943
-0.6307214
-0.,5686564
-0.4962666
-N.4268238
-0436362°8
-N.3069847
-N.2569605
-N.1877700
-041256910
-n.0822132
-0,0527349
-0.0332686
-0,0206905
-0,0127097
-N.0046489
-Ne0016438
-N,0N05657
-N,00Nn1904
-N,0000629
-N.000n205
—0.0000045
-N.0000004
-N,0000000
=N,00000NN
-N,0NN0N0NN
-0,0000000
-N,0000000

1 1

1 ?

? ?

042916927
02271698
0613403324
0,0275813
-0.0812844
-02020660
=0e3779912
-05068561
-0e5909622
=0e45377330
-0e6556526
-04652496%
-046220032
-045568175
-0+4842884
=-0e4158467
-0¢3537292
-02381892
-0.2492586
-0e¢1759325
=-0.1172811
-040764456
-0.0488906
-040307655
-0.0190920
-0.0107775
-00039177
-0.0013784
-N0,0004725
-0.0001585
-0,00nN0522
-0.0000170
-NeNONNN31
=NeN0NONN3
-0,0000000
-0,0000000
=0,0000000
=0,00N0000
-0.0000000

A. Discussion

02837014

062131663

0.1168685

00093709
-00991187
=-0e23244313
=-0e44027823
-0.5238152
=046011204
=-0e6424991
-0¢6563982
=0.6503958
-0e6124661
-0e5447996
-0e4724581
~044050455
-0e3440119
-042895778
=0e2417351
-Ce1647194
-0e1092558
-040710452
-0e0453062
-0.0284397
-0e0176111
-040091285
-040032985
-040011551
-0.0003944
-0.0001319
=0,000N433
-0.0000140
=0e000ONN21
=040000N02
=040000200
=-0,0000000
=0, 0000NNDO
=0, 0000000
-0,0Nn0N00000

062744834

0+ 1984569
00994026
=-0.0088588
=-001167930
-0e2656541
~0e4262346
~0:5395512
-0e6102798
-0e6465042
=0e6565941
-0e6479185
-0e6022460
-0e522675C
~0e4607941
~0e3944218
-0e334478%
=0e¢2811500
=0e2272178
-0e¢1541100
=0e¢1019231
=0e0659925
-0e0419663
-0e0262798
~0e0162397
-0¢0077234
=0e0027748
=0+0009672
=00003290
-0¢0001097
=0e000M360
-00000116
=-0eNONNO14
=0«00NNNO1
-0eNOOOODOO
=0«0000000
=NDeNONONOOND
=-0000NCO0

V. CENTRAL POTENTIAL

062641216

01831179

00816909
-Ne0270714
-0e 1342854
=0 e PO56650
-0e448323532
~0e5540975
~0eE1B4E07
~0e6497858
~066562720
~0e64350895
-0e5914655
-0e5205077
-0e4492992
-03839771
03251293
-0e2729051
-0+42133950
-0e1440832
-040949310
-0e06125636
-040388560
=0e0242751
-00149704
-0¢0065276
-00023323
-00008094
-0e0002743
-0+0000912
=-NeD000298
=N« 0000096
=-NeNNOON10O
=-0e0NOONNO1
-0e0000000
-NeNONNOOO
=0.0000N00
-0.0000000

0.2527368

0.1672220

0.0637850
-0NeN452334
-0+1515761
-0e7744148
-0e4691502
-0e5674897
-0e62576732
-0.6522806
-0.6554622
-0463847106
-045802357
~0e50835406
-0+4379752
-0e3737127
-0e3159647
-0e2648427
-0e2002514
-0e1346177
-0«0883681
-0e0568553
-040359612
-0.0224152
-0.0137959
-040055114
-040019587
-0+0006769
-0+0N02286
=0+0000753
-0enNN0247
-N0eND0006E6
-NeNNNNNOT
=0.NNNN0DO1
-N0eNNOOOON
-NeNONO0ON
=NeNNONONN
-0eN00000ON

It is sometimes of interest to study the details of the so-called

central potential.

Therefore, we have written an optional subroutine

(CPOTL) which may be used in conjunction with the HF program to give
such details.

This subroutine lists, as functions of r, the following:

1

specified orbital i, defined as

CENPOT 1, the central'potential, for an electron in the
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2[2-¥y(r) - Xy(x)],

where X.(r) are the usual exchange terms plus contributions due to
inclusion of the off-diagonal €jj terms.

2. EFF CENPOT 1, the effective central potential, defined as

Lilfi+1)

r

CENPOT 1 -

3. RPOT 1, the effective central potential multiplied by r.

4. CENPOT 2, as for item 1 above, except that X. (r) is defined
so as not to include the effects °f€1_|

5. EFF CENPOT 2, as for item 2 above, except that X; (r) is
defined so as not to include the effects of €ij-

6. RPOT 2, as for item 3 above, except that Xj(r) is defined
so as not to include the effects of eij'

7. CORE, the total charge distribution, defined as

T
Z/ P(r)q; dr,
i 4o

where q; is the occupation number of the ith orbital.

8. ZNL, Slater's effective Z for wavefunction, defined as

/ Z Fj dr; / Z P} — i (Ref. 1, §9.7)

i i JA j

This subroutine is used by inserting the statement CALL CPOTL
immediately after the statement CALL PRNT in HF MAIN and adding before
the PNCH control card (i.e., card of type 11 in Ref. 2) an extra data card
which contains NCORE and K in FORMAT (213). NCORE is an integer
defining the number of orbitals required to define the core, and K is an
index of the first orbital for which a detailed printout of the CPOTL option
is required. For example, in the case of ScI 1s?2s°2p®3s%3p®3d’, NCORE = 6
will give the charge density due to all six orbitals and K = 5 will give details
of the central potential, etc., for just the 3p and 3d orbitals (i.e., the fifth

and sixth).
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Listing of Subroutine CPOTL

SUBROUTINF CPOTL

LOGICAL FAILs RSCAN

COMMON ATOM TERMeNWF 47 ¢ NPsHsNOWEL (20) sN(20)+L(20)4D(100)+sSUM(20) s
1 EK(20)4E(20420)4sR(200)+sRR(200)+R2(200)¢P(20+200)sY(204200)

2 YK (200) s YR(200) +X(200) +DD(2402) +B(204204+4) +DDOD(62) «NR«CR(10) ¢

) KR(10)+11R(10)412R(10)aNCRI(10)sJIR(10)¢J2R(10)¢«NCRJI(10)+NCFGs
4 WT(6)s QC(2046)/TEST/FAILWRSCAN(20)

DIMENSION MAX(20)

EQUIVALFENCF ( MAX(1)+D(61))

DIMENSTION VNL1(200)sUNL2(200)+VLL1(200)+EVNL]1(200)+EVNL2(200)

1 VLL2(200)+TC(200)+7C(200)

REFAN S6+NCORF 4K

FORMAT (213)

PTOL= 2.E=7#SQRT(7)

DO 6 1 =<4NWF

PRINT '85S

FORMAT (1H14+/2X47HVALUES OF CENTRAL AND EFFECTIVE POTENTIAL VS R /)
PRINT 7+ FL(I)

FORMAT ( 4XA3/5X1HR10XBHCENPOT 1+ 6X12HEFF CENPOT 16X8HCENPOT 2 3X.
112HEFT CENPOT 2+6X8H RPOT 1 23X12H RPOT 2+ 10X4HCORE] 1X3HZNL)
CALLPOTL 1)

CALL XCH(T1.7?)

M = MAX(I)

DO 1 JU =1«M

IF(JJ «LTe a40) GO TO 57

IF(ABRS(P(14JJ)*¥R2(JJ))eLEe PTOL) GO TO 14

CONTINUE

VNL 1 ( JI)=(2e*(Z=-YR(JJ))=(X(JJ) Y/P(1eJI))/R(JI)
VLL1( JJ) = VNLI1( JUI*¥R(JJ)

EVNL1( JJ)=VNL 1 ( JII=CLOD*(LII)I+1) ) Z(R(JII*R(JII)))
VNL1(JJ)= =VNL1(JJ)

VLL1(JJ) = =VLL1(JID)

EVNL1(JJ) = =EVNL1(JJ)

CONTINUF

M=0J =1

CALL XCH(141)

DO 11 JJ= 1M

X(JJ)= R(JIJ)I*X(JJ)

DO 2 JJ =1eM

VNL2( JI)=(2e*#(Z=YR(JIJI)I=(X(JJII/P(1eJJ)))/R(II)

viLa( JJ)r= VNL2( JJII*R(JY)

EVNL2( JJ)=VNL2( JII =L *(LOII+1)) Z(R(JII*R(JII) ) )
VNL2(JJ)= =VNL2(JJ)

VEL2(JJ) = =VLL2(JJ)
FUNL?2(JJ) = =EVNL2(JJ)
CONTINUE

DO 8 JU =1eM

eL =

TOCUUY =0

NO 9 K = 14 NCORE

TCCUJ) = TCUIJ) +((P(KsJI)I*¥R2(JJ))%*2)*QC(Ks1)
CONTINUE

ZClJJ)= 2

DO 13 K=1+NWF

C= QC(Ks1)

IF(k «FQe 1) C=C-1,

ZC(JJ) = ZC(JJ) =CHY(KsJJ)

CONT INUF

DO 5 JJ =14M

PRINT doR(JJ)'VNLl(JJ)cEVNLl(JJ’-VNLZ(JJ).EVNLZ(JJ)vVLLl(JJ)v
1 VEL2(JJ)s TC(JIJYe Z2CLIJ)

FORMAT (F1145s BF1545)

CONTINUE

CONTINUE

RETURN

END
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